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CONVERSION FACTORS, VERTICAL DATUM, AND OTHER ABBREVIATED UNITS--Continued

Multiply By Io obtain
mile (mi) 1.609 kilometer
Area
acre 4,047 square meter
square foot (ft2) 0.0929 square meter
square mile (mi?) 2.59 square kilometer
Yolume
acre-foot (acre-ft) 1,233 cubic meter
Flow or Consumptive Use

acre~-foot per year (acre-ft/yr) 1,233 cubic meter per year
cubic foot per second (ft3/s) 0.028317 cubic meter per second
cubic foot per second per mile 0.0176 cubic meter per second

[(££3/s) /mi] per kilometer
gallon per minute (gal/min) 0.06309 liter per second
inch per year (in/yr) 25.4 millimeter per year

Gradient
foot per foot (ft/ft) 1.0 meter per meter
foot per mile (ft/mi) 0.1894 meter per kilometer
i lic Cond L.

foot per day 0.3048 meter per day

[(£t3/d) /ft? or ft/d]

T C s

foot squared per day 0.0929 meter squared per day

[((f£3/d)/£ft?)ft or ft2/d]

i in Hydraulic Head

foot per day (ft/d) 0.3048 meter per day

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by
the equations:

°C = 5/9 (°F - 32)
°F = 9/5 (°C) + 32
Sea level: In this report, "sea level" refers to the National Geodetic Vertical

Datum of 1929--A geodetic datum derived from a general adjustment of the first-
order 1level nets of the United States and Canada, formerly called Sea Level Datum
of 19289.

Other units that are abbreviated in this report:

h hours

pg/L micrograms per liter

pS/cm microsiemens per centimeter at 25 °C
mg/L milligrams per liter

min minutes



HYDROLOGY OF VALLEY FILL AND POTENTIAL FOR ADDITIONAL GROUND-WATER
WITHDRAWALS ALONG THE NORTH FLANK OF THE LITTLE ROCKY MOUNTAINS,
FORT BELKNAP INDIAN RESERVATION, NORTH-CENTRAL MONTANA

By

David W. Briar, Paul K. Christensen, and Douglas J. Oellermann

ABSTRACT

The stratigraphy of the southern part of the Fort Belknap Indian
Reservation is composed of igneous, metamorphic, and sedimentary rocks,
and unconsolidated deposits. Extensive terraces surrounding the base of
the Little Rocky Mountains have been cut by streams draining the
highlands. The continental ice sheet advanced across the plains, but not
the mountains, of the study area at least twice during the Pleistocene
Epoch.

Quaternary valley fill consists of cobbles, gravel, sand, silt, and
clay that have been deposited as glacial deposits, colluvium, and allu-
vium. Glacial deposits occur as till and glaciolacustrine clay, are
relatively impermeable, and typically form a confining unit overlying the
valley-fill aquifer. Colluvium is relatively impermeable and does not
yield water. Alluvium occurs in sequences as much as 90 feet thick near
the mountain front and contains layers of sand and gravel that form the
primary aquifer in the valley-fill sequence.

Of the five principal stream valleys in the study area, only Little
Peoples and Lodge Pole Creeks have deposits of sand and gravel that are
continuous along most of the length of the valleys. Valley fill beneath
these two valleys is bounded by shale, except where the valleys cross the
Eagle Sandstone and localized sandstone sequences of the Judith River For-
mation, both of Late Cretaceous age. Hydraulic connection between the
sandstone and the valley fill is implied but not quantified by this
report. The principal aquifer consists of multiple layers of sand and
gravel in the 1lower part of the valley-fill sequence. These deposits
average about 20 feet in aggregate thickness in the center of the valleys.
The aquifers are unconfined in the southern, upgradient, unglaciated parts
of the valleys and confined in the northern, downgradient parts, where
they are blanketed by glacial sediments. Ground-water levels in the
unglaciated parts of the valleys respond quickly to increased stream-
flow. Ground-water levels in the glaciated parts of the valleys display
little response to changes in streamflow. Aquifer tests indicate a
maximum estimated hydraulic-conductivity value of 760 feet per day near
the mountains, decreasing to a minimum 180 feet per day downgradient in
the system. The valley-fill aquifers are recharged by infiltration of
streamflow, runoff, and precipitation, and by leakage from bedrock. The
aquifers are discharged by leakage to streams, evapotranspiration, and
outflow through valley fill at the downstream end of the study area.

In the valleys, water in wells near the mountain front is a calcium
bicarbonate type, with dissolved-solids concentrations as small as 232
milligrams per liter, whereas water in wells farther downgradient is a
sodium sulfate or magnesium sulfate type with dissolved-solids concen-
trations as large as 11,500 milligrams per liter. The increase in
dissolved-solids concentration downflow in the aquifer probably results
from a combination of leakage of water from bedrock, dissolution of
minerals within the aquifer, and evapotranspiration.

The potential is good for additional withdrawals of water from the
valley-£fill aquifer of Little Peoples Creek. However, the development of
additional large-capacity wells capable of sustaining 150-250 gallons per
minute for irrigation could lower water levels or hydraulic heads in the
aquifer, increase leakage of water from bedrock, and increase infiltration
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of water from Little Peoples Creek. The result of additional pumping
would possibly be an increase in dissolved-solids concentration downflow
in the aquifer and a decrease in streamflow of Little Peoples Creek.

The potential is limited for additional withdrawals of water from the
valley-fill aquifer along Lodge Pole Creek, because insufficient long-term
recharge to the aquifer would severely limit the use of large-capacity
wells. However, the potential is good for additional withdrawals in the
southern, unconfined part of the aquifer for domestic and stock-watering
use. Water quality in the northern, confined part of the aquifer might be
undesirable for domestic use.

Investigation of the Jim Brown, Big Warm, and Beaver Creek valleys
indicated that none had sufficient aquifer thickness or recharge area to
support the development of large-capacity irrigation wells. However,
areas of Beaver Creek near the mountain front have the potential to
support additional wells for domestic, stock-watering, and small-scale
irrigation use.

INTRODUCTION

In the southern part of the Fort Belknap Indian Reservation (fig. 1), surface-
water supply is 1inadequate to meet the demands for irrigation of potentially
irrigable lands. However, ground-water supplies of sufficient quantity and quality
for irrigation might be obtained from the shallow valley-fill aquifers along the
north flank of the Little Rocky Mountains near the southern boundary of the
reservation (Feltis, 1983). To explore that potential for additional water supply,
the U.S. Geological Survey (USGS), in cooperation with the U.S. Bureau of Indian
Affairs and the Fort Belknap Community Council, conducted a study from August 1987
through July 1989 to evaluate the shallow ground-water conditions in the area. The
objectives of the study were to describe the hydrology of the valley fill along the
north flank of the Little Rocky Mountains and to assess the potential for
additional water withdrawals from the valley fill.

Purpose and Scope

This report describes the results of that study. Specifically, the report
describes the hydrology of valley fill in terms of: (1) the geometry of valley-
fill aquifers; (2) the flow system within the aquifers including water-level
fluctuations, distribution of hydraulic characteristics, and sources of recharge
and discharge; and (3) the distribution of water quality in the flow systems. The
report also describes the potential for the aquifers to yield water of sufficient
quantity and quality for additional irrigation, stock, and domestic use.

Study Methods

The results of previous geologic (Knechtel, 1944, 1959; Alden, 1952; Alverson,
1965) and hydrologic (Feltis, 1983) studies were compiled to identify conditions in

the study area. On the basis of this information, 110 test holes were drilled
using mud-rotary methods to determine the distribution and thickness of the valley
£fill. Four to seven test holes were drilled across the valleys at each of several

locations. Observation wells were completed at 66 of the test holes to allow
water-level monitoring, aquifer testing, and water-quality sampling; the remaining
44 test holes were back-filled and abandoned. The wells were developed with
compressed air and logged with downhole natural-gamma geophysical equipment to
define changes in stratigraphy. The altitude of each well was determined by
leveling. Fifty-eight of the observation wells were constructed with screened 2-
in.-diameter polyvinyl chloride (PVC) casing, 7 with sScreened 4-in.-diameter PVC
casing, and 1 with 12-in.-diameter stainless-steel screen and steel casing. Each
4-in. well was drilled near the 2-in. well in each test section that showed the
greatest potential for aquifer yield, thus permitting aquifer testing with multiple
observation wells at each site. One 4-in. well was used as an observation well for
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a 1,450-minute continuous-discharge aquifer test that was conducted on the 12-in.-
diameter well located in Little Peoples Creek valley.

Water levels were measured approximately monthly at 32 wells. 1In five of the
wells, water levels were monitored by continuous recorders.

To estimate a water budget and to determine the relations of recharge and
discharge in the aquifer systems, several analyses were performed. The available
record for streamflow-gaging stations on Little Peoples and Lodge Pole Creeks was
extended using statistical techniques to estimate long-term streamflow in the area.
Also, discharge was measured during low-flow conditions on both streams. Satellite
photography was used to estimate the areal extent of phreatophytes along the
valleys.

Water-quality samples were collected from 67 wells (8 research wells, 48
observation wells, and 11 private wells) and 8 streamflow-measurements sites to
supplement data from 15 private wells that had been sampled in 1973. Selected
sites were sampled more than once to determine any changes in water quality with
time or as a result of sustained pumping. Water samples were analyzed for selected
physical properties, dissolved major ions, and dissolved trace elements.

Site-Identifi .

A site number is used as the primary identification for wells, test holes,
streamflow-measurement sites, and streamflow-gaging stations referred to in this
report. For wells, test holes, and streamflow-measurement sites, the site number
consists of as many as five characters. The first two characters denote the site
type: (B-) U.S. Bureau of Indian Affairs research well, (0-) USGS observation well,
(P-) private well, (T-) USGS test hole, or (S-), USGS project streamflow-
measurement site established for this study. The next one to three characters
denote a sequence number assigned to each site within a site type on the basis of
its location relative to the southwest corner of the study area. For formal USGS
streamflow-gaging stations, the site number consists of eight digits. The complete
number, such as 06154410, includes the first two digits, which identify the major
drainage basin (herein the Missouri River basin), and the remaining six digits,
which identify the station relative to position within the major drainage basin.
The six-digit numbers are assigned in downstream order.

A location number is used to identify the 1location of wells, test holes,
streamflow-measurement sites, gaging stations, and other geographic features. The
location number is based on the rectangular system for the subdivision of public
lands (fig. 2). The number consists of as many as 14 characters and is assigned
according to the location of the site within a given township, range, and section.
The first three characters specify the township and its position north (N) of the
Montana Base Line. The next three characters specify the range and its position
east (E) of the Montana Principal Meridian. The next two characters indicate the
section. The next one to four characters indicate the position of the site within
the section. The first letter denotes the quarter section (l60-acre tract); the
second, the quarter-quarter section (40-acre tract); the third, the quarter-
quarter~quarter section (l0-acre tract); and the fourth, the quarter-quarter-
quarter-quarter section (2.5-acre tract). The subdivisions of the section are
numbered A, B, C, and D in a counterclockwise direction beginning in the northeast
quadrant. The last two characters form a sequence number based on the order of
inventory in that tract. For example, location number 26N23E12ABACOl (site 0-17)
represents the first well inventoried in the SW1/4 NE1l/4 NWl1/4 NE1/4 sec. 12, T. 26
N., R. 23 E.

- £ stud

The study area is 1located in the southern part of the Fort Belknap Indian
Reservation north, east, and west of the Little Rocky Mountains in north-central
Montana (fig. 1). The area encompasses about 376 mi<.



Location number 26N23E/2ABACO/
(Site 0-17)

Figure 2.--Location numbering system.

Physiography and Drainage

Three physiographic units are present in the study area: (1) plains in the
northern and central parts, (2) foothills surrounding the Little Rocky Mountains in
the southern part, and (3) the Little Rocky Mountains uplift (Alverson, 1965, p.
7. The altitude of the study area ranges from about 2,650 ft where Lodge Pole
Creek joins South Fork Peoples Creek to about 5,250 ft in the Little Rocky
Mountains. The altitude of the foothills ranges from about 3,400 to 3,700 ft.

Plains extend from the low bluffs overlooking the flood plain of the Milk River
south to the foothills of the Little Rocky Mountains, a distance of 20-30 mi. Most
of the plains is underlain by glacial deposits, except where present-day streams
have eroded into the underlying bedrock. The streams draining the plains meander
and have incised their channels several feet beneath the flood plain. Several
streams flow in relatively broad, even-banked channels through which glacial melt
water drained during the most recent glaciation. Knob-and-kettle topography, which
is common in areas affected by continental glaciation, is present on the plains. A
terminal moraine from the most recent glaciation is preserved in places along the
north flank of the mountains (Alverson, 1965, p. 8-9).

The foothills are defined by flat terraces that are underlain by gravel and
that slope gently away from the mountain front. The terraces are best preserved
near Hays and Lodge Pole at distinct altitudes: 3,700, 3,650, and 3,400 ft
(Alverson, 1965, p. 9). Where the terraces have been dissected by post-glacial
erosion, the underlying bedrock is exposed.

The Little Rocky Mountains uplift is composed of a central core of igneous and
metamorphic rocks surrounded by sedimentary rocks domed by the intrusion. The
intrusive rocks have been eroded into steep-sided ridges and peaks.



Five principal creeks drain the northern flank of the Little Rocky Mountains:
Little Peoples, Lodge Pole, Jim Brown, Big Warm, and Beaver Creeks (fig. 1).
Little Peoples Creek--the largest of the five--originates on the western slopes of
the mountains by the joining of three tributaries. The three tributaries Jjoin in
the mountains upstream from streamflow-gaging station 06154410, which is located
0.3 mi upstream from the mountain front (location numbers of gaging stations are
given in table 12 in the Supplemental Data section at back of report). The creek
flows northwestward through a Mississippian-limestone canyon at location
26N24E32BDC, across the mountain front, onto a broad alluvial valley near Hays, and
then northward to its Jjunction with South Fork Peoples Creek--13 valley mi
downstream. Little Peoples Creek is perennial except for about a l-mi intermittent
section just south of Hays. The slope of Little Peoples Creek is greater than 6
percent in the headwaters area, and gradually decreases to about 0.2 percent near
its mouth (fig. 3). The drainage area of the basin upstream from the gaging
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Figure 3.--Profile of channel of Little Peoples Creek.

station is 13.0 mi?, whereas the area of the basin downstream from the gaging
station to the confluence with South Fork Peoples Creek is 37.2 mi2. The average
recorded flow at gaging station 06154410 is 3,420 acre-ft/yr (or about 4.72 ft3/s),
on the basis of 16 years of record (water years! 1972-87).

Lodge Pole Creek originates on the north slopes of the mountains, flows
northward past gaging station 06154430 just south of Lodge Pole, and eventually
joins South Fork Peoples Creek about 16 mi north of the mountain front. Lodge Pole
Creek 1is perennial except for the intermittent reach from the mountain front to
just south of gaging station 06154430. The slope of the creek is greater than 3
percent 1in the headwaters area and decreases to less than 0.5 percent 4 mi
northwest of Lodge Pole (fig. 4). The area of the drainage basin upstream from

1A water year is the 12-month period October 1 through September 30. It is
designated by the calendar year in which it ends.
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the gaging station is 19.5 mi2, whereas the area of the basin downstream from the
ga?ing station to the 1line of maximum southward glacial advance (pl. 1) is 11.7
mi‘. The recorded flow at gaging station 06154430 for water year 1988 was 585
acre-ft (or about 0.81 ft3/s).

Jim Brown Creek drains about 3 mi? of the mountains before flowing through its
alluvial valley to join South Fork Peoples Creek--11 mi to the north (fig. 1). The
Jim Brown Creek valley is narrow, has been glaciated almost to the mountain front,
and has a small drainage area.

Big Warm Creek extends from Big Warm Spring at location 26N25E24BDBC to the
eastern boundary of the reservation about 7 mi to the northeast. Within the
study area, this valley lacks alluvial deposits along much of its length.

Beaver Creek drains about 7.5 mi? of the mountains and extends about 5 mi from
the mountain front to the eastern boundary of the reservation. The valley 1is
narrow except for the 1lower 1 mi, where other small streams coalesce to form an
alluvial plain about 1 mi wide. Beaver Creek is perennial in the mountains but
loses its flow to infiltration after entering the alluvial valley.

Climate

The weather station Harlem 4W, located near the northern end of the reservation
and about 30 mi from the study area (fig. 1), has continuously recorded temperature
for 52 years and precipitation for 59 years. On the basis of the 1951-80 period of
record at that station, the mean annual temperature is 42.0 °F and the mean annual
precipitation is 11.70 in. The mean monthly temperature is largest in July (69.2
°F) and smallest in January (10.2 °F). The mean monthly precipitation is largest
in June (2.21 in.) and smallest in March (0.39 in.). The relation between long-
term mean monthly temperature and precipitation and the monthly mean temperature
and total monthly precipitation during the study are shown in figure 5. The period
of study was warmer and drier than the recorded 30-year normals for the area near
Harlem.
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record (1951-80) and for the study period (August 1987-July 1989).
Data from National Oceanic and Atmospheric Administration (1982).

Continuous-record precipitation gages were installed downstream from the
headwaters of Little Peoples Creek near Hays at location 26N23E24DDAC, and along
Lodge Pole Creek near Lodge Pole at location 26N25E17CDCC (fig. 1). The period of
record for these two precipitation gages is August 1987 through July 1989,
excluding the winters (November through March). Records of daily precipitation at
the gages are shown in figure 6.

Precipitation patterns for the study area have been determined on the basis of
the 1941-70 period of record (U.S. Soil Conservation Service, 1977). Average
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Figure 6.--Daily precipitation at continuous-record gages along Little
Peoples and Lodge Pole Creeks.

annual precipitation ranges from about 12 in. at the northern end of the
reservation to about 20 in. in the higher altitudes of the Little Rocky Mountains
(fig. 7). Average annual precipitation in the foothills is about 16 in.
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GENERAL GEOLOGY

The geology of the study area was most recently interpreted by Alverson (1965).
The discussion of geologic history in this report 1is based principally on that
work. The character and extent of valley fill were determined by test drilling as
part of this study.
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seologic Hi

The geologic history of the study area is characterized by alternating periods
of marine and fluvial deposition, erosion, and structural uplift. During the
Paleozoic Era, deposition on a Precambrian erosional surface resulted in about
3,000 ft of limestone, dolomite, sandstone, and shale. Rocks of Pennsylvanian,
Permian, and Triassic age are absent in the area (table 1). During the Jurassic
Period, deposition in a shallow, near-shore marine environment resulted in about
500 ft of limestone, calcareous shale, and sandstone.

Deposition during the Cretaceous Period resulted in about 3,500 ft of
sandstone, siltstone, and shale. The sequence of formations from the Kootenai
Formation upward through the Bearpaw Shale represents alternating terrestrial
deposition of sand and silt derived from the west (Kootenai, Eagle, and Judith
River Formations) with near-shore marine deposition of clay (Colorado Group and
Claggett and Bearpaw Shales).

Early in the Tertiary Period, the dominant structural feature of the study area
was created by the intrusion of a syenite-porphyry laccolith under and into the
overlying sedimentary strata, thereby forming the Little Rocky Mountains. The re-
sulting domed sedimentary strata dip nearly vertically at the land surface along
the mountain front and generally dip away from the center of the intrusion. In the
central plains, these sedimentary rocks have dips of 80-100 ft/mi (about 1 degree).

Erosion removed a large part of the domed sedimentary rocks, exposing the
igneous and metamorphic core of the Little Rocky Mountains by the end of the
Tertiary Period. Detritus from the erosion was transported across extensive
terraces surrounding the base of the mountains. Several times during late Tertiary
time, and possibly early Pleistocene time, the area was uplifted slightly, and
streams eroded the terraces. Between these times of uplift, terrace building
resumed at lower levels, and streams deposited sand and gravel in valleys
descending from the Little Rocky Mountains.

The continental ice sheet advanced across the plains of the study area at least
twice during the Pleistocene Epoch. Although the mountains were not overridden by
ice, terraces a few miles north of the mountain front were removed by glacial
scour. As the 1ice receded, detritus was deposited on the hummocky plains as
glacial drift. Streams issuing from the mountains have eroded steep-sided channels
into the glacial debris.

Character and Extent of Valley Fill

Valley fill is considered to be the total assemblage of unconsolidated material
that overlies bedrock in the topographically definable stream valleys draining the
Little Rocky Mountains. The valley fill in the study area consists of cobbles,
gravel, sand, silt, and clay and has a wide range 1in permeability. Specific
assemblages of these types of material indicate distinctly different environments
of deposition. These distinctions allow grouping the valley £fill into three
general types: glacial deposits, colluvium, and alluvium.

Glacial deposits underlie the entire project area north of the line of maximum
southward glacial advance (pl. 1). These deposits consist of relatively imper-
meable till and glaciolacustrine clay at the surface and grade to increased quan-
tities of sand and gravel with depth. Localized layers of proglacial silt and clay
also occur just south of the line of glacial advance. In the partly buried pre-
glacial drainage valleys, the glacial material commonly has a basal layer of sand
and gravel.,

Colluvium is present in valleys adjacent to terraces predominantly near the
mountains. These deposits characteristically are drilled slowly, produce chatter
of the drill string, provide a competent borehole, and do not yield water. Col-
luvium is distinguished in drill cuttings by an abundance of poorly sorted angular
rock fragments bound tightly in a reddish-brown sandy-clay matrix, and by the
presence of stringers of white clay. The largest rock fragments found in test
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[Table modified from Feltis (1983).

Table 1.--Generalized geologic units and water-ylelding properties

ft, feet; gal/min, gallons per minute.

Symbols identify mapped units on plate 1}

Approx-
imate
thick-
ness
Erathem System Series Formation or group {ft) General character Water-yielding properties
0-90 Unconsolidated cob- A source of water in
bles, gravel, sand, valleys of perennial
Alluvium silt, and clay along streams, Yields 3 to
coulees and stream about 500 gal/min to
Holocene oy channels. wells. Water quality
& suitable for most uses
o near the Little Rocky
Mountains but dete-
a riorates downstream.
pe)
F 0-65 Angular gravel in Not an aquifer.
= reddish-brown
Quaternary o Colluvium sandy-clay matrix;
> includes stringers
of white clay.
Occurs in valleys
adjacent to terraces.
—_ 0-130 Gravel, sand, silt, A limited source of water
and clay intermixed. except in outwash
Cenozoic Pleistocene Glacial deposits Occurs primarily deposits. Yields 2
as till; how- to 10 gal/min to
ever, outwash depos- wells., Water quality
its form localized might be unsuitable
sand and gravel for some uses,
lenses and beds.
0-60 Unconsolidated to con- |[Might contain small
solidated gravel; quantities of
contains sand and water suitable
Terrace deposits silt. Occurs as for most uses.
{QTt) long, narrow remnants
or wide tracts of
several square miles
around the flank
of the Little
Rocky Mountalins.
Pliocene Syenite porphyry and Yields 2 to 25 gal/min of
Tertiary through Intrusive related rocks forming water suitable for most
Paleocene(?) igneous laccoliths, stocks, uses from fracture
rocks dikes, and sills. springs at Snake Butte,
(Tsp) Wildhorse Butte, and
Twin Buttes. Some
water might be avail-
able from fault zones
and fractures in the
Little Rocky Mountains.
Unconformity
500 Dark-gray marine shale;|Not an aquifer.
weathers light gray.
Contains a few beds
Bearpaw Shale of bentonite and
sandstone and many
thin beds and lenses
of cherty material
and calcareous
nodules.
o
3 360 Interbedded light-gray |Yields 2 to 150 gal/min
o Judith River to buff, soft, fine- of water to many wells.
° Formation grained sandstone, Water under artesian
Upper 2 (Kir) shale, and clay. A pressure in some
Mesozolc |Cretaceous Cretaceous « few thin coal beds places. Water quality
g in upper part. might be unsuitable
(] for some uses.
x
530 Dark-gray shale and Not an aquifer.

Claggett Shale
(Kel)

siltstone; weathers
to brownish-gray.
Contains a few beds
of bentonite and
beds containing
large boulderlike
septarian nodules.
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Table 1.--Generalized geologic units and water-ylelding properties--Continued

Approx-
imate
thick-
ness
Erathem System Series Formation or group (fr) General character Water-yielding properties
260 Upper member: Chiefly |Sandstone of lower member
a gray shale with many ylelds 2 to 10 gal/min
H thin beds of silt- of water to wells.
¥ stone, sandy shale, Water under artesian
o Eagle Sandstone and friable sandstone pressure in some
Upper o (Ke) that weather reddish places. Water gquality
Cretaceous o tan. might be unsuitable
£ Virgelle Sandstone Mem- for some uses.
o ber: Yellow to buff,
z massive sandstone,
gray siltstone, and
gray shale.
1,740 Dark-gray to bluish- Shale is nearly imperme-
gray shale contain- able., The sandstone
Colorado Group ing lenticular beds beds would probably
(Kc) of limestone and cal- yield water too min-
careous sandstone. eralized for culinary
Cretaceous use,
180 Variegated argillaceous{Sandstone yields 10
member: Clay, mot- gal/min of water
tled maroon and gray, to wells. Generally
with a few thin beds under artesian pres-
and lenses of vari- sure but deeply buried
Lower able light-gray sand- in most of reserva-
Cretaceous Kootenai stone. tion. Water quality
Formation Lower unit, or Third suitable for most uses.
Cat Creek sandstone
of drillers’ usage:
Mesozoic Largely sandstone,
locally friable,
light-gray, with a
hard, coarse-grained,
arkosic sandstone
layer at the base
and a layer of dense,
light-gray limestone
at the top.
— Unconformity.
210 Light- and dark-gray, Sandstone and limestone
Upper ] gypsiferous shale beds yield 2 to 5 gal/
Jurassic ] containing numerous min to wells on the
x Swift large, brown, cal- flank of the Little
Formation careous concretions; Rocky Mountains., Water
layers of glauconi- quality suitable for
tic sandstone, sandy most uses.
mudstone, dark shale,
and impure limestone
in upper part.
o
=
o
Jurassic &
“ 200 Gray, limy shale and Beds might yield water
- Rierdon light- to dark-gray suitable for culinary
Middle - Formation marly limestone. use from fractures near
Jurassic « the Little Rocky
Mountains.
100 Alternating beds of Limestone and sandstone
shale, limestone, beds might yield
Piper and calcareous water from frac-
Formation sandstone. A brown, tures, Water gual-
dense limestone, ity is unknown.
60-ft thick, occurs
at base.
Unconformity.

Upper 220 Mostly massive beds of |Yields water to Big Warm
Mississippian gray limestone. Some spring. Might yield
- ) beds are composed large quantities of

° almost entirely of water to wells from
Paleozoic| Missis- 5| O Mission bioclastic detritus. solution channels,
sippian g‘ e Canyon Upper part contains faults, and fractures.

Lower N 3 Limestone solution cavities Discharge at Big Warm
Mississippian | & | — that range from small spring ranges from

T vugs to caverns. 2,700 to 4,050 gal/min.

£ Water quality probably
suitable for irriga-
tion.
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Table l.--Generallzed geologic units and water-ylelding properties--Continued

Approx-
imate
thick-
ness
Erathem System Series Formation or group (ft) General character Water-ylelding properties
g 540 Mostly thin-bedded, Would probably yield
a % Lodgepole light- to dark-gray water to wells from
Missis- Lower b Q| Limestone limestone; contains faults and fractures.
sippian Mississippian fo many small lenses Water quality probably
of chert and thin suitable for irriga-
partings of shale. tion.
___lUnconformity.
Paleozolic
2,410 Mostly limestone and Would probably yield
dolomite but contains water to wells from
Devonian, Devonian, shale, siltstone, faults and fractures.
Ordovician Ordovician, and claystone, sandstone, Water quality near
and Cambrian rocks and conglomerate, the Little Rocky Moun-
Cambrian 3 undivided Includes Jefferson tains might be suit-
% Limestone, Bighorn able for irrigation.
o Limestone, and Flat-
head Sandstone.
__Unconformity
Metasedimentary rocks, [Would probably yield
Pre-Belt mainly biotite, water to wells from
Supergroup schist and gneiss; faults and fractures in
metamorphic and metavolcanic rocks, the Little Rocky Moun-
Precambrian intrusive mainly hornblende tains. Water quality
igneous rocks gneiss and amphibo- is unknown.
lite; younger pre-
Belt Supergroup (2?}
ferromagnesium rocks
form a few dikes
and sills,

holes were about 2.5 in. diameter and very angular at sites near the mountain
front, grading to about 0.5 in. diameter and subangular at distant locations. The
stringers of white clay are possibly the result of alteration of feldspar or
reworked bentonite from the source area of the colluvial material.

Drilling and lithologic characteristics were almost identical between colluvium
and terrace deposits near the mountains. Considering similarities in test holes
and the topographic relation of these deposits, the colluvium most probably results
from the mass movement of terrace material and underlying shale from the highlands
onto the adjacent valley floor. On the basis of several occurrences of colluvium
overlying loose sand and gravel in the valley-fill sequence, the colluvium was
assigned a Quaternary age.

Alluvium is8 present in sequences as much as 90 ft thick (Feltis, 1983) near the
mountain front and as thin, lenticular deposits in recent stream channels
throughout the study area. Near the mountain source, alluvium consists of cobbles,
gravel, sand, s8ilt, and clay deposited in valleys eroded into the Jurassic and
Cretaceous bedrock. Alluvium both underlies and overlies the colluvium. With
increasing distance from the sediment source, the alluvium becomes finer grained
and consists predominantly of reworked glacial sediments. Sand and gravel
underlying glacial sediments may represent buried preglacial alluvium.

HYDROLOGY OF VALLEY FILL

Various types of data pertaining to the valley fill were collected. Water-
yielding properties of geologic units are identified in table 1. Records and
selected 1lithologic 1logs of wells and test holes are given in tables 13-15; all
lithologic logs are compiled in a companion report by Briar and Christensen (1993).
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Records of water levels in monitoring wells are given in table 16. The results of
chemical analysis of water samples collected during this and previous studies are
given in tables 17 and 18. Drinking-water regulations for public supply are given
in table 19. Tables 13-19 are in the Supplemental Data section at back of the
report. The location of generalized geologic sections, wells, and test holes is
shown on plates 1 and 2.

Little Peoples Creek Valley
Little Peoples Creek valley is underlain mostly by shale of Cretaceous and
Jurassic age. The valley crosses the permeable Eagle Sandstone at location
26N23E14D and numerous localized sandstone sequences of the Judith River Formation.

Hydraulic connection between the sandstone and the valley fill is implied but not
quantified by this report.

Valley fill along Little Peoples Creek, south of the line of glacial advance
(fig. 8), is topographically distinct, ranges in width from 0.25 to 1 mi, and is as

much as 78 ft thick (well 0-2). Topography of the preglacial valley in the
northern part of the study area is masked by varying thicknesses of till, which
makes estimating the lateral extent of valley fill difficult. The maximum

thickness of alluvium and glacial deposits penetrated during drilling along Little
Peoples Creek is 145 ft at well 0-34 (table 15).

Aquifer Geometry

The principal aquifer in Little Peoples Creek valley is layered sand and gravel
that are common in the lower part of the valley-fill sequence. Considering the
ease of drilling, tendency of the drill hole to cave, 1loss of drilling fluids,
degree of rounding of gravel, and lack of clay matrix, the sand and gravel of this
aquifer are believed to have resulted primarily from fluvial cut-and-fill
depositional processes. The geometry of these deposits can best be envisioned as a
vertical sequence of sinuous braided channels, lenticular in cross section, which
aggraded valleys formerly eroded into Cretaceous and Jurassic bedrock.

Lateral continuity of individual sand and gravel deposits that have been formed
in a channel cut-and-fill depositional environment is difficult to determine. For
example, drilling at well 0-6 (fig. 8) indicated a single 40-ft thickness of gravel
overlying 15 ft of colluvium (table 15). However, drilling at wells 0O-8 and 0-9
(190 ft to the southeast and directly upgradient along the axis of the wvalley)
indicated three distinct gravel layers 3, 18, and 6 ft thick that are separated by
layers of hard clay with no underlying colluvium. Even with the uncertainty in
determining lateral continuity, the geometry of the valley-fill aquifer in Little
Peoples Creek valley can be generalized. First, in the unglaciated part of the
drainage, drilling data indicate that the aggregate thickness of sand and gravel is
about 20 ft in the center of the valley and remains relatively constant along 1its
length. In the glaciated part, aquifer thickness is less constant, and sand and
gravel layers could be discontinuous locally owing to glacial scouring. Second,
because the sand and gravel layers commonly occur in the lower part of the valley-
fill sequence, their lateral extent in the unglaciated part of the drainage is only
about one-half the width of the valley. 1In the glaciated part, thick deposits of
till mask the preglacial valley.

Water-Level Fluctuations

Water levels were measured approximately monthly in 16 observation wells along
Little Peoples Creek (table 16); of these, continuous recorders were operated on
wells 0-9, 0-22, and 0-33. Hydrographs of water levels (fig. 9) display two trends
according to well location along the drainage. The trends likely are the result of
the degree of hydraulic confinement and source of recharge to the aquifer in the
two areas.

In the unglaciated part of the drainage (represented by well 0-9), ground-water
levels respond quickly ¢to increased flow in Little Peoples Creek. Well 0-9 is
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completed in gravels that are hydraulically connected to Little Peoples Creek.
Evidence for hydraulic connection is the infiltration and disappearance of flow of
Little Peoples Creek (about 2 ft3/s) into the alluvium 0.5 mi upstream (southeast)
from well 0-9 and the reemergence of approximately the same discharge about 0.5 mi
downstream from well 0O-9.

In contrast, hydrographs of water levels in the glaciated part of the drainage
(represented by well 0-22) display little response to changes in streamflow. Well
0-22, which is near the line of glacial advance, is completed in sand and gravel
that are hydraulically confined by proglacial clay. Therefore, the ground water is
isolated from surface flow in Little Peoples Creek and overland runoff. This
confined aquifer receives water primarily by lateral flow from the upgradient
unconfined aquifer. Presumably, the greater saturated thickness of the southern
unconfined aquifer can transmit more water than the lesser saturated thickness of
the northern confined aquifer can accept. Therefore, during periods of increased
recharge to the unconfined aquifer, some water moving through the valley fill flows
upward to the land surface near the boundary between the unconfined (unglaciated)
and confined (glaciated) aquifers and discharges to Little Peoples Creek.

Hydraulic Characteristics

Constant-discharge aquifer tests were conducted on four wells completed in the
valley-fill aquifer of Little Peoples Creek. Water levels in observation wells
were monitored during the tests and the time-versus-drawdown data were analyzed
using standard curve-matching and straight-line-solution techniques (Lohman, 1972).
The resulting transmissivity, hydraulic-conductivity, and storage-coefficient data
are summarized in table 2.

Two significant trends are apparent from the data. First, transmissivity and
hydraulic-conductivity estimates decrease with distance from the mountain front.
This relation is consistent with drilling data, which indicate a general decrease
in particle size of aquifer material with distance downgradient. Second, the
storage-coefficient estimates for wells 0-9 and 0-13 are inconsistent with the
previously discussed degree of hydraulic confinement of the unglaciated and gla-
ciated parts of the valley-fill aquifer.

The storage-coefficient estimates at wells 0-9 and 0-13 are anomalously small
given the wunconfined nature of the aquifer, as demonstrated by the hydraulic
connection with Little Peoples Creek near the wells. The drawdown data for
observation well O0-8, which is 11 ft north of well 0-9, indicate an almost
immediate response of 1.11 ft at 0.83 min, then a slowed response of 1.40 ft after
240 min. Similarly, the drawdown data for well 0-12, which is 16 ft north of well
0-13, indicate a response of 1.18 ft at 0.17 min, then a slowed response of 2.44 ft

at 240 min. This response in wells O0-8 and 0-12 would be consistent with a
condition in which both wells were completed in an aquifer having a localized,
discontinuous confining unit. If a localized, discontinuous confining unit 1is

creating the observed aquifer-test response in wells O0-8 and 0-12, the
transmissivity values reported in table 2 would be anomalously large.

Recharge and Discharge

For purposes of describing recharge and discharge, the Little Peoples Creek
drainage basin was divided into two sub-basins according to degree of hydraulic
confinement of the valley-fill aquifer. The south basin consists of the drainage
area downgradient from the Mississippian-limestone canyon southeast of Hays to the
unconfined aquifer-confined aquifer boundary. Thus, the south basin extends from
the Mississippian-limestone canyon southeast of Hays to surface-water measurement
site S-5, about 0.5 mi south of the line of glacial advance. The adjacent north
basin consists of the drainage area downgradient from the unconfined aquifer-
confined aquifer boundary. Therefore, the north basin extends from the north
boundary of the south basin to approximately the north boundary of the study area.
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Table 2.--Results of aquifer tests in the valley-fill aquifer
of Little Peoples Creek

[Valley mile is approximate distance downstream from beginning of valley
fill. Abbreviations: ft, feet; ft/d, feet per day; ft2/d, feet squared per
day; gal/min, gallons per minute; min, minutes])

Calculated values

Aver- Ob-
age ser-
aqui- Hydrau- va-

Pumped Dis- Length Trans- fer lic tion Total
well charge Date of missi- thick- conduc- Storage well draw-
num- Valley (gal/ of test vity ness tivity coef- nura-— down
ber mile min) test (min) (£ft2/d) (ft) (ft/d) ficient ber (ft)
0-9 1.4 60 06-24-88 240 10,000 21 480 0.00001 0-5 0

0-6 0.09
0-17 0
0-8 1.40
0-13 4.0 70 06-28-88 240 6,000 20 300 .000005 0-11 0
0-12 2.44
0-14 0
0-23 6.3 270 06-22-88 1,450 3,800 15 250 .0002 0-20 5.90

0-21 13.10
0-22 13.30
0-24 8.34

0-25 0
0-33 12.3 66 039-11-87 240 3,700 20 180 .00007 0-31 1.11

0-32 3.68

0-34 0

South basin

Recharge to and discharge from the valley-fill aquifer in the south basin of
Little Peoples Creek can be summarized with a mass-balance equation as follows:

SWi + BRGWi + R + P = SWo + VFGWo + ET (1)
where
SWi = Inflow to the basin from Little Peoples Creek; an
unquantified major part of this water infiltrates
to the aquifer south of Hays;
BRGWi = Leakage from bedrock;
R = Infiltration of ephemeral runoff from the drainage area;
P = Infiltration of precipitation that falls directly on the
valley fill;
SWo = Outflow from the basin by Little Peoples Creek; an

unquantified major part of this water leaks upward
from the aquifer;
VFGWo = Outflow through valley fill at the downgradient boundary
of the basin; and
ET = Evapotranspiration by phreatophytes along Little Peoples Creek.
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The first four variables of equation 1 represent recharge to the aquifer; the re-
maining variables represent discharge from the aquifer,

Infiltration of water from Little Peoples Creek 18 a principal source of
recharge to the aquifer upgradient from Hays. Except during relatively short
periods of large discharge, the stream infiltrates and disappears into the alluvium
1 mi southeast of Hays, subsequently reemerging behind the post office near the
southeastern part of town. The percentage of streamflow that infiltrates to the
aquifer is a function of the permeability and the area of the streambed, which
remain relatively constant, and the rate of streamflow and the available storage of
the aquifer, which are extremely variable. For example, the daily mean flow of 42
ft3/s on May 5, 1988 (fig. 9), did not result in surface flow along the normally
dry section of the streambed south of Hays. However, the relatively sustained flow
of about 10 ft3/s in May and June 1989 was sufficient to essentially fill the
aquifer and result in surface flow along the entire length of Little Peoples Creek.
Because the percentage of streamflow that infiltrates the aquifer could not be
precisely quantified, total surface-water inflow to (SWi) and outflow from (SWo)
the south basin were used in equation 1.

To better estimate the long-term potential for surface-water recharge to the
aquifer, the 1l6-year streamflow record for gaging station 06154410 on Little
Peoples Creek was extended to a 1937-86 base period using a method of statistical
correlation (Alley and Burns, 1983) and records at nearby gaged sites. Estimated
mean monthly flow at the gaging station for the 50-year base period 1is given in
line 1 of table 3. On the basis of these estimates, the long-term mean annual flow
of Little Peoples Creek at the gaging station is 2,960 acre-ft/yr.

Table 3.--Estimated mean monthly and mean annual streamflow
of Little Peoples Creek, water years 1937-86

Mean
annual
stream-

flow,

Mean monthly streamflow, in cubic feet per second in
acre-
De- feet
Vari- scrip- per
able tion Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. year

SWi Inflow! 2.4 2.2 2.3 2.0 1.8 2.5 4.8 12.0 8.8 4.5 3.0 2.6 2,960
to
south
basin

-- Addi- 2.8 2.5 2.6 2.3 2.1 2.9 5.5 13.8 10.1 5.2 3.4 3.0 3,400
tions
within
south
basin

SWo Outflow 5.2 4.7 4.9 4.3 3.9 5.4 10.3 25.8 18.9 9.7 6.4 5.6 6,360
from
south
basin

Ipetermined at streamflow-gaging station 06154410,
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Water entering the aquifer through leakage from bedrock (BRGWi) was not
measured directly, but its existence is implied by: (1) a hydraulic gradient from
bedrock into the valley fill determined by measurement of water levels in bedrock
wells p-2, p-3, pP-7, P-9, P-15, P-50, P-64, P-76, and P-91; (2) an increase in
stream discharge with increasing distance from the mountain source; and (3) an
increase in dissolved-solids concentration in the aquifer and the stream with
distance from the mountain front, which might indicate mixing with water from a
deeper, more mineralized flow system. However, the increase in dissolved-solids
concentration also might be due to reaction of aquifer water with aquifer material
or to the concentrating effect of evapotranspiration on dissolved constituents.

A low-flow investigation of Little Peoples Creek on October 19, 1987, was
hindered by a lack of good gaging sites but was sufficiently accurate to indicate
an increase in streamflow along the length of the south basin. Climatic conditions
for the low-flow investigation were good and the approximate increase of more than
2 ftl3/s in streamflow (table 4) is interpreted to result entirely from upward
leakage of water from the valley-fill aquifer.

OQutflow from the wvalley-fill aquifer to the stream is derived from two
sources--a decrease in aquifer storage in response to the seasonal decrease in
hydraulic head, and leakage from bedrock. The daily mean change in aquifer storage
between September 24 and November 5, 1987 (period of 42 days), was calculated from:
change in hydraulic head (mean of 0.0127 ft/d) in wells 0-2, 0-9, 0-10, 0-13, and
0-16 (table 16); areal extent of the unconfined part of the valley-fill aquifer of
47,500,000 £t2; and estimated specific yield of 0.15. Estimated daily mean change
in aquifer storage accounts for about 1.0 ft3/s or one-half the 2 ft3/s increase in
streamflow; therefore, 1leakage from bedrock is estimated to be a relatively
constant 1 ft3/s or about 724 acre-ft/yr.

Table 4.--Results of low-flow measurements of
Little Peoples Creek, October 19, 1987

[Valley mile is approximate distance downstream from beginning of
valley fill. Abbreviations: £t3/s, cubic feet per second; (ft3/s)/mi,

cubic feet per second per mile. Symbol: --, not applicable]
Change
in dis- Estimated
Site charge measurement
number Valley Discharge per mile error
(fig. 8) mile (£t3/s) [(£t3/3)/mi)] (percent)
06154410 -0.3 2.37 -- 5-8
South basin
s-1 .1 1.74 -1.05 8
s-2 1.8 1.73 - .01 5-8
S-3 2.8 3.25 +1.52 5
S-4 4.0 3.31 + .05 8
s-5 5.8 4.51 + .67 5
North basin
S-6 7.7 5.04 + .27 8
s-1 9.5 4.30 - .41 5-8
S-8 12.3 4.64 + .12 More than 8
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Infiltration of ephemeral runoff from the surrounding drainage area (R) also
recharges the aquifer. Recharge from runoff can occur as a result of rainfall or
snowmelt. For example, the increase in water level in well 0-9 during March 1989
(fig. 9) does not <correlate with any significant change in streamflow in Little
Peoples Creek. This increase most probably was produced by melting of low-altitude
snowpack and subsequent recharge to the aquifer. The drainage area of the south
basin, excluding the surface extent of valley fill, is 11.8 mi?2 and the 1long-term
mean annual precipitation is 16 in. (fig. 7). However, the percentage of
precipitation that runs off is unknown. Assuming a runoff rate of 15 percent,
runoff recharge to the valley-fill aquifer in the scuth basin is about 1,510 acre-
ft/yr.

Part of the precipitation that falls directly on valley fill infiltrates the
aquifer (P). The surface extent of valley fill is about 4.7 mi?, and the long-term
mean annual precipitation is about 16 in. (fig. 7). The U.S. Soil Conservation
Service (no date) estimates that near the study area the effective annual
precipitation for alfalfa 1is about 53 percent, which indicates the percentage of
total precipitation that is available to the root zone of plants during the growing
season. Thus, 47 percent of average total precipitation is not available to
plants. Assuming that this quantity is equally divided between evaporation and
percolation below the root zone to the ground-water system, about 3.8 in/yr of
water, on average, directly recharges the aquifer. By this method, average total
precipitation recharge in the south basin is about 953 acre-ft/yr.

Outflow from the basin by Little Peoples Creek (SWo) was estimated by
multiplying the long-term mean annual streamflow at gaging station 06154410 (2,960
acre-ft/yr) by a drainage-area-ratio adjustment factor to account for the down-

stream ungaged south basin (Omang and others, 1986, p. 23). The drainage-area-
ratio adjustment factor (DAR) can be expressed as:

DAR = (DAm / DAg )% (2)
where

DAm

Drainage area of south basin downstream from the gaging
station,
DAg = Drainage area of Little Peoples Creek upstream from the
gaging station, and
Exponent to account for the fact that runoff per square mile
of drainage area is less for larger drainage areas that
have proportionately less mountain runoff than for smaller
drainage areas that have proportionately more mountain runoff.

S
]

The drainage area of the south basin downstream from the gaging station (DAm)
is 16.5 mi? and the drainage area upstream (DAg) is 13.0 mi?. To estimate X, long-
term mean annual streamflows (base period water years 1937-86) previously
determined for four gaging stations in and near the study area (Parrett and
Johnson, 1989, p. 22) were plotted against drainage area on a log-log scale (fig.
10) . The manual line of best fit through the four points has a slope of 0.58,
which 1s considered to be a reasonable estimate for X in equation 2. Applying a
DAR of 1.148 to mean annual flow at the gaging station gives an estimated mean
annual flow contributed by the ungaged south basin of 3,400 acre-ft/yr. Therefore,
the total surface-water outflow from the south basin is about 6,360 acre-ft/yr
(table 3).

Outflow through valley fill at the downgradient boundary of the south basin
(VFGWo) was determined by Darcy’s equation. On the basis of estimated cross-
sectional area (16,000 ft2), hydraulic gradient between wells 0-19 and 0-23 (0.0075
ft/ft), and hydraulic conductivity of the aquifer near the boundary determined by
aquifer testing (250 ft/d), the flow is estimated to be about 251 acre-ft/yr.

Determining the quantity of water discharged from the aquifer by evapotrans-
piration (ET) necessitated knowing the areal extent of phreatophytes. The Denver
Geographical Information System Office of the U.S. Bureau of Indian Affairs
estimated the areal extent of phreatophytes along Little Peoples Creek by digital
analysis of satellite images. The area of phreatophytes for the south basin was
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Figure 10.--Relation of drainage area to mean monthly streamflow for gaged

1m : L T 1 LELALIRILAE | 1 L T LA T L] L LB LR ™
F ]
o i o
z
9 1wt -?3
b 4 8 8
- [ 8
w L J
w
w
v
3 3
Y] F 3
b o
L o
r -
0.1 A A i 2 2 1211 1 . i 2 2 3 212k A L A A LA ALl
1 10 100 1,000
DRAINAGE AREA. IN SQUARE MILES
g*:vr—** T R
- - .
4 H - g sz
48°30 {* 3( 3
! i
T B L.
e ~ R L
LR ) <,
b o : : 3
poos g :
Lo e
i # capumiaria] 40 B
] woo g # ls
1 . #

‘#m — *‘*x"\* Q615440
o ! ((‘;‘\00 mm.. :

Goreigan wen

7 4

FORT

BROWNING | dC

aasin Roasarvpin)

LI
STANIIARD

STUDY AREA
BOUNDARY -

N i

B RIS v

: oA
e

FARACLEL

I A L B R s
o) 20 30 MILES
:' T L L) L 1 o
(o] 10 20 30 KILOMETERS
EXPLANATION

omem o o ammw DRAINAGE BASIN BOUNDARY

[ J MEAN MONTHLY STREAMFLOW FOR BASIN
UPSTREAM FROM GAGING STATION

LOCATION OF GAGING STATION
06154410 STREAMFLOW-GAGING STATION NUMBER

basins near Little Peoples Creek, water years 1937-86.

23



129 acres. Consumptive use of the phreatophytes was assumed to be equivalent to
the consumptive use of alfalfa (26.11 in/yr or 2.18 acre-ft/yr per acre), as
calculated by the U.S. Department of Agriculture (1974). The estimated depletion
due to evapotranspiration by phreatophytes along Little Peoples Creek is about 281
acre-ft/yr; the depletion by month is given in table 5.

Table 5.--Monthly evapotranspiration depletion along the
south basin of Little Peoples Creek

Depletion, in acre-feet

Total
Apr. May June July Aug. Sept. Oct. (rounded)
0.7 39.7 61.3 80.8 66.1 31.5 0.8 281

Recharge to and discharge from the valley-fill aquifer in the south basin of
Little Peoples Creek are summarized in table 6. Given that the south basin is
hydraulically connected to the surface hydrologic processes of streamflow, pre-
cipitation, ephemeral runoff, and evapotranspiration, and given that streamflow
entering the basin is approximately known, values in table 6 are probably reason-
able estimates for recharge to and discharge from the south basin. The difference
between total recharge and total discharge in table 6 is a result of estimation
error, not a change in aquifer storage.

North basin

Recharge to and discharge from the confined aquifer in the north basin of
Little Peoples Creek can be summarized as follows:

VFGWi + BRGWi = VFGWo (3)
where
VFGWi = Inflow from the valley fill of south basin,
BRGWi = Leakage from bedrock, and
VFGWo = Outflow through valley fill at the downgradient boundary

of the basin.

The principal source of recharge to the aquifer in the north basin (VFGWi) is
outflow from the valley-fill aquifer of the adjacent south basin (VFGWo). This
recharge is estimated to be about 251 acre-ft/yr.

Leakage of water from bedrock (BRGWi) was not measured directly, but is implied
by the existence of a hydraulic gradient from bedrock into the valley fill measured
in bedrock wells and an increase in dissolved-solids concentrations downgradient in
the basin. Because of the hydraulic confinement of the aquifer in the north basin,
leakage from bedrock to Little Peoples Creek could not be detected by thé low-flow
investigation conducted in October 1987 as it was in the south basin. Therefore,
BRGWi was not estimated.

Outflow through valley fill at the downgradient boundary of the basin is the
principal source of discharge. On the basis of estimated cross-sectional area
(36,000 f£ft2?), hydraulic gradient (0.005 ft/ft), and hydraulic conductivity of the
aquifer near this boundary (180 ft/d), ground-water discharge is estimated to be
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Table 6.-~-Summary of estimated recharge to and discharge from the south

and north basins of Little Peoples Creek

Acre-feet

Variable Description per year
South basin

Recharge

SWi Inflow to the basin from Little Peoples Creek; based on 2,960
extended streamflow record at gaging station 06154410

BRGWi Leakage from bedrock; inferred from low-flow investigation 724

R Infiltration of ephemeral runoff from the drainage area 1,510

P Infiltration of precipitation that falls directly on the 953
valley fill

Total in 6,150

(rounded)

Discharge

SWo OQutflow from the basin by Little Peoples Creek; based on 6,360
estimated streamflow at boundary from basin-comparison
analysis

VFGWo Outflow through valley fill at the downgradient boundary of 251
the basin; based on Darcy’s equation

ET Evapotranspiration; based on satellite analysis of phreato- 281
phytes along Little Peoples Creek

Total out 6,890

(rounded)

Norxth basin

Recharge

VFGWi Inflow from the valley fill of south basin 251

BRGWi1 Leakage from bedrock; not estimated ?

Total in 251+

Discharge

VFGWo Outflow through valley fill at the north boundary of study 271

area; based on Darcy’s equation (imprecise estimate)
Total out 271
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about 271 acre-ft/yr. Because these parameters are imprecisely known, the value
given 1is at best an approximation of the flow. Recharge and discharge from the
aquifer in the north basin of Little Peoples Creek are summarized in table 6. The
difference between total recharge and total discharge in table 6 is a result of
unknown values or estimation error, not a change in aquifer storage.

Water Quality

Water samples for chemical analysis were collected from 24 wells and 4
streamflow sites in 1987 and from 20 wells in 1988 in the Little Peoples Creek
valley (tables 17 and 18). Samples were collected according to guidelines
described by Knapton (1985).

Water-quality diagrams for major ions and dissolved-solids data for selected
wells are shown in figure 11. Water in wells completed in the valley-fill aquifer
near the mountain front is a calcium bicarbonate type with a dissolved-solids
concentration as small as 282 mg/L, whereas water in wells completed in the central
part of the aquifer farther downgradient is a sodium sulfate type with a dissolved-
solids concentration as large as 1,380 mg/L (examples of anomalously large concen-
trations at wells 0-17, 0-18, and 0-25 are described later). The trend of
increasing dissolved-solids concentration with distance from the mountain front
probably results from one or more of the following processes: (1) leakage from
bedrock, (2) dissolution of minerals within the aquifer, and (3) evapotranspi-
ration.

Water in bedrock generally has larger concentrations of sodium, magnesium, and
sulfate than water in the overlying valley-fill aquifer (Feltis, 1983, p. 8). The
quantity and quality of surface water recharging the valley-fill aquifer at the
upgradient end are relatively constant. The quantity of inflow of water from
bedrock 1is directly proportional to the contact area between the aquifer and the
underlying lenses of permeable sandstone. Therefore, the percentage of total
ground-water flow that is derived from bedrock increases with distance along the
flow path.

Because the valley-fill aquifer is composed primarily of material locally
eroded from bedrock, dissolution of minerals that occur in the bedrock flow system
also can occur in the valley-fill aquifer. The resulting water quality is also
similar.

Evapotranspiration removes unmineralized water from the aquifer, thereby
concentrating the mineral content of the remaining water. Evapotranspiration
accounts for part of the discharge from the aquifer in the south basin. Discharge
by evapotranspiration from thin, shallow gravel layers is probably responsible for
the anomalously large dissolved-solids concentrations observed in water samples
from wells 0-17 (11,500 mg/L, the largest concentration determined in this study),
0-18 (5,510 mg/L), and 0-25 (2,380 mg/L) (table 19). The effects of evapotrans-
piration are cumulative.

The large difference in water quality at some well sites along the western edge
of the valley (fig. 11) is significant. Wells 0-20, 0-22, and 0-24 have a range of
dissolved-solids concentration from 464 mg/L at the easternmost well (0-24) to
1,100 mg/L at the westernmost well (0-20). The situation is nearly identical at
wells ©0-11, ©0-13, and ©0-14, which are about 2.3 mi to the south. Water samples
from these wells indicate that the increase in dissolved-solids concentrations 1is
the result of increased concentrations of sodium, magnesium, and sulfate--a
chemistry that is characteristic of water from sandstone of the underlying Judith
River Formation (Feltis, 1983, p. 8). This anomalous water quality is probably
representative of areas where a significant percentage of flow to the well is
derived from bedrock.

The suitability of water for irrigation is judged principally by the total
concentration of soluble salts and the relative proportion of sodium to other
cations. Large concentrations of soluble salts (salinity hazard) can interfere
with plant growth by inhibiting the uptake of water and nutrients. Large
concentrations of sodium relative to other cations, as measured by the sodium-
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adsorption ratio (U.S. Salinity Laboratory Staff, 1954, p. 72), can cause
accumulations of sodium in the soil and a breakdown of granular soil structure. The
sodium-adsorption ratio (SAR) is defined as:

Na*
SAR = |Ca’* + Mg?* (4)
2
where ion concentrations are expressed in milliequivalents per liter. The effect

of the SAR (sodium hazard) is more pronounced in the presence of large concen-
trations of total soluble salts. A diagram for classifying water with respect to
salinity and sodium hazards is presented in figure 12.

Water-quality samples from Little Peoples Creek valley (table 17) indicate that
water from most wells completed in the valley-fill aquifer north of well 0-13 has a
high salinity hazard. High salinity water cannot be used without adverse effects
on soils that have restricted drainage; use of this water may require special sa-
linity control and selection of salt-tolerant crops even on soils having adequate
drainage (U.S. Salinity Laboratory Staff, 1954, p. 8l1). Water from wells completed
in the valley-fill aquifer north of well 0-29 has a high sodium hazard. High so-
dium water may produce harmful accummulations of sodium in the soil and will re-
quire special soil management--good drainage, extensive leaching, and additions of
organic matter (U.S. Salinity Laboratory Staff, 1954, p. 8l1). Water in wells 0-17
and 0-18 has very high salinity and sodium hazards. Wells ©0-17 and 0-18 are
completed in shallow gravel lenses of a tributary basin where evapotranspiration
greatly increases the concentration of soluble salts in the water.

The suitability of water for public drinking-water supply is established by the
U.S. Environmental Protection Agency Primary and Secondary Drinking-Water Regula-
tions (table 19). National Primary Drinking-Water Regulations are established for
contaminants, which, if present in drinking water, may cause adverse human health
effects. Either a Maximum Contaminant Level (MCL) or a treatment technique is
specified by these regulations for regulated contaminants. MCL’s are health-based
and enforceable (U.S. Environmental Protection Agency, 199la). National Secondary
Drinking-Water Regulations are established for contaminants that can adversely
affect the odor or appearance of water and result in discontinuation of use of the
water. These regulations specify Secondary Maximum Contaminant Levels (SMCL’s),
which are esthetically based and nonenforceable (U.S. Environmental Protection
Agency, 1991b).

Analyses of water samples from 25 observation wells and 10 private wells that
are completed in valley fill along Little Peoples Creek are given in tables 17 and
18. Of these 35 wells, 3 have water with a cadmium concentration larger than the
MCL of 5 pg/L and 3 have water with the concentrations equal to the MCL. Twenty-
six wells have water with a dissolved-solids concentration larger than the SMCL of
500 mg/L; 20 have water with a sulfate concentration larger than the SMCL of 250
mg/L; 6 have water with an iron concentration as large or larger than the SMCL of
300 pg/L; and 14 have water with a manganese concentration larger than the SMCL at
50 pg/L.

Lodge Pole Creek Valley

Lodge Pole Creek valley extends from the Mississippian-limestone canyon where
Lodge Pole Creek exits the Little Rocky Mountains at location 26N25E20BCB northward
about 16 mi to its confluence with South Fork Peoples Creek. The Lodge Pole Creek
valley is underlain mostly by shale of Cretaceous and Jurassic age. The valley
crosses permeable Eagle Sandstone at location 26N25E08B and numerous localized
sandstone sequences of the Judith River Formation in the north part of the study
area,

Valley fill along Lodge Pole Creek is topographically well defined south of the
line of glacial advance (fig. 13), ranges in width from 0.01 to 1.0 mi, ard is as
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much as 89 ft thick (well 0-53). Topography of the preglacial valley in the
northern part of the study area is masked by varying thicknesses of till and
glaciofluvial sediments, which makes estimating the lateral extent of valley fill
difficult.

Aquifer Geometry

The principal aquifer in the Lodge Pole Creek valley is layered sand and gravel
that occur at several levels in the valley-fill sequence. As along Little Peoples
Creek valley, these sand and gravel deposits probably result from fluvial cut-and-
fill depositional processes. The resulting deposit is a vertical sequence of
sinuous braided channels, lenticular in cross section, which aggraded valleys
eroded into Cretaceous and Jurassic bedrock.

Sand and gravel layers beneath Lodge Pole Creek valley are more randomly
distributed and discontinuous than those in Little Peoples Creek valley. For
example, well 0-41 (fig. 13) penetrated two layers of loose gravel: one 13 ft
thick (at depths of 8-21 ft) and one 6 ft thick (at 49-55 ft). In contrast, well
0-42, only 10 ft to the east, penetrated four layers of gravel: two 1 ft thick (at
depths of 10-11 ft and 22-23 ft), one 2 ft thick (at 25-27 ft), and one 19 ft thick
(35-54 ft) (table 15).

The degree of hydraulic connection between sand and gravel layers can be
inferred at several locations in the valley. Both observation-well pairs 0-49/0-50
and 0-51/0-52 (table 13) indicate that a lower sand and gravel layer has a higher
hydraulic head than an upper layer, which implies limited hydraulic connection of
the layers near the sites. Limited hydraulic connection also is indicated by the
hydrographs of wells 0-51, 0-52, and 0-53 (table 16), which show dissimilar water-
level fluctuations even though all three wells are located within 1,200 ft of one
another in a direction transverse to the axis of the valley.

In the glaciated part of Lodge Pole Creek valley, lithologic logs of well 0-61
and test holes T-27 through T-31 indicate thick sequences of drift directly
overlying shale. Presumably, the scarcity of sand and gravel beneath the present-
day stream channel in this area is the result of glacial scour. Likewise, the
aquifer at the line of glacial advance probably is discontinuous.

To investigate the possibility that preglacial Lodge Pole Creek flowed almost
due north through the broad valley from location 27N25E32 to 27N25E1l8 rather than
through its present-day channel, observation wells 0-62 and 0-63 and test holes T-
33 through T-35 were drilled (fig. 13). Although well 0-62 penetrated some sand
and gravel, shale was drilled at an altitude of 3,279 ft, which is 54-60 ft higher
than the altitude of the shale that was drilled at wells 0-51 and 0-53 along the
present-day channel northwest of Lodge Pole. Likewise, well 0-63 penetrated shale
at 3,218 ft, which is 81 ft higher than the altitude of the shale that was drilled
at well O0-54. Whether the northern valley at one time contained the ancestral
Lodge Pole Creek or was instead carved by glacial ice could not be determined from
the data.

Water-Level Fluctuations

Water levels were measured approximately monthly in 14 observation wells along
Lodge Pole Creek; of these, continuous recorders were operated on wells 0-42 and O-
58. Hydrographs of wells along Lodge Pole Creek valley (table 16) display trends
similar to those observed in Little Peoples Creek valley. Hydrographs of wells in
the wunglaciated part of the drainage display a water-level fluctuation of as much
as 33 ft (well 0-42) during the period of record and indicate a sudden response to
precipitation and snowmelt recharge. In contrast, hydrographs for the part of the
drainage northwest of Lodge Pole and southeast of the 1line of glacial advance,
which was blanketed by proglacial silt and clay, display an annual water-level
fluctuation under non-pumping conditions of less than 3 ft and show no significant
correlation with precipitation and snowmelt recharge.

Hydrographs of wells 0-45 and 0-42 are shown in figure 14; also shown for
comparison are streamflow of Lodge Pole Creek and precipitation at the gage south
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of Lodge Pole. Although the water level in well 0-45 shows no apparent response to
periods of large streamflow, the water level in well 0-42 displays a strong cor-
relation to this stress. The observed responses are similar to those observed in
Little Peoples Creek valley.

Well 0-45 is completed in sand and gravel that are hydraulically confined by
proglacial silt and clay. Recharge to this confined part of the aquifer is pri-
marily by flow from the upgradient unconfined aquifer. The hydraulic head in the
confined aquifer is controlled by an impoundment of Lodge Pole Creek about 0.25 mi
south of well 0-45. The interaction between the unconfined and confined aquifers
in the Lodge Pole Creek valley is conceptually identical to the interaction in
Little Peoples Creek valley.

In contrast to well 0-45, coarse gravels penetrated by well 0-42 are not over-
lain by proglacial silt and clay but are hydraulically connected to the inter-
mittent flow of Lodge Pole Creek and ephemeral runoff. Field evidence corroborates
the connection. The flow of Lodge Pole Creek infiltrates and disappears into the
alluvium at the point of exit from the Mississippian-limestone canyon at the head
of the drainage and reemergence 2.5 mi downstream, just upstream from the gaging
station.

Persistent drought conditions during the 2 years of this study are probably
responsible for the general decline in water levels in wells 0-39 through 0-44.
However, human activities were responsible for the large decline in water level at
well 0-54 during June and July 1988. The decline resulted from use of the flowing-
artesian well 0-55 for stockwater. The discharge of well 0-55 caused water levels
to decline in all wells in the drainage as far upgradient as well 0-45, 3.6 mi to
the southeast, but did not cause any water-level change at well ©0-58, 1.4 mi
downgradient to the north. The unquantified discharge at well 0-55 did not allow
mass balance analyses of the effects of discharge on the aquifer. The lack of
response at well O0-58 indicates that the aquifer is essentially discontinuous
between well O0-55 and well 0-58 to the north. This area of probable aquifer
discontinuity, which coincides with the 1line of glacial advance, defines the
northernmost extent of the continuous valley-fill aquifer in the Lodge Pole Creek
valley.

Hydraulic Characteristics

Constant-discharge aquifer tests were conducted on three wells completed in the
valley-fill aquifer of Lodge Pole Creek. Water levels in observation wells were
monitored during the tests and the time-versus-drawdown data were analyzed. The
resulting transmissivity, hydraulic-conductivity, and storage-coefficient data are
summarized in table 7.

As in the Little Peoples Creek valley, transmissivity and hydraulic-
conductivity values appear to decrease with distance from the mountain front.
Aquifer-test data for observation well 0-58 were unsolvable, owing to the violation
of basic assumptions regarding radial flow to the discharging well on which the
analytical solutions are based. The estimated storage coefficient at well 0-46
(0.00001) is consistent with the degree of hydraulic confinement at the site, but
the value at well 0-42 (0.0008) is anomalously small given the degree of hydraulic
connection with streamflow near the site.

Recharge and Discharge

For purposes of describing recharge and discharge, the Lodge Pole Creek
drainage basin was divided into two sub-basins according to degree of hydraulic
confinement of the wvalley-fill aquifer. The south basin consists of the total
drainage area upgradient from gaging station 06154430 near Lodge Pole and
represents the area potentially supplying recharge to the unconfined aquifer. The
relation between water-levels in well 0-42 and streamflow at the gaging station
(fig. 14) corroborate the hydraulic connection between the surface and ground-water
systems in the south basin. The adjacent north basin consists of the drainage area
downgradient from the gaging station to the line of glacial advance.
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Table 7.--Results of aquifer tests in the valley-fill aquifer
of Lodge Pole Creek

[Valley mile is approximate distance downstream from beginning of valley fill.
Abbreviations: ft, feet; ft/d, feet per day; ft2/d, feet squared per day;
gal/min, gallons per minute; min, minutes. Symbols: ---, no
solution possible because basic flow assumptions were not met])

Calculated values

Aver-
age
aqui- Hydrau- Obser-
Pumped Dis~ Length Trans- fer lic vation Total
well Val- charge Date of missi- thick- conduc- Storage well draw-
num-~ ley (gal/ of test vity ness tivity coef- num~  down
ber mile min) test (min) (££2/d) (ft) (ft/d) ficient ber (ft)
0-42 1.6 60 06-27-88 240 8,400 11 760 0.0008 0-40 0
0-41 0.99
0-43 0
0-46 3.1 68 10-18-87 240 880 5 180 .00001 o0-45 15.03
0-47 0
0-48 3.71
0-49 5.21
0-50 0
0-58 8.1 55 10-16-87 240 - 6 - - 0-56 15.19

0-57 17.53
0-59 17.49
0-60 0

South basin

Recharge to and discharge from the valley-fill aquifer in the south basin of
Lodge Pole Creek can be summarized with a mass balance equation as follows:

BRGWi + R + P = SWo + VFGWo + ET (5)
where
BRGWi = Leakage from bedrock;
R = Infiltration of ephemeral runoff from the drainage area;
includes ephemeral flow in upper Lodge Pole Creek and White Horse
Canyon;
P = Infiltration of precipitation that falls directly on the
valley £ill;
SWo = Outflow from the basin by Lodge Pole Creek; an unquantified
major part of this water is leakage from the aquifer;
VFGWo = Outflow through valley fill at the downgradient

boundary of the basin; and
ET = Evapotranspiration by phreatophytes along Lodge Pole Creek.

The first three variables of equation 5 represent recharge to the aquifer; the
remaining variables represent discharge from the aquifer.
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Leakage of water from bedrock (BRGWi) was not measured directly, but its
existence is implied by: (1) a hydraulic gradient from bedrock into the valley
fill determined by measurement of water levels in bedrock wells P-111, P-112, P~
124, pP-137, and P-147, and (2) an increase in dissolved-solids concentration in the
aquifer with distance from the mountain front, which might indicate inflow of more
mineralized water from bedrock. The increase in dissolved-solids concentration
might also be due to a chemical interaction of aquifer water with aquifer material
or to the concentrating effect of evapotranspiration on dissolved constituents.
Because surface-water inflow to the south basin was not continuous, as it was in
the south basin of Little Peoples Creek, leakage from bedrock into the aquifer was
not identifiable from a low-flow investigation conducted on Lodge Pole Creek in
October 1987.

A principal source of recharge to the aquifer in the south basin is ephemeral
runoff from the surrounding drainage area (R). This component of recharge includes
infiltration of intermittent streamflow in both upper Lodge Pole Creek and White
Horse Canyon. Streamflow disappears into the coarse valley fill a short distance
from the mountain front during all but infrequent periods of large runoff., The
total drainage area of the south basin excluding the surface extent of the valley
fill is about 18.5 mi? and the long-term mean annual precipitation is 19 in. (fig.
7). However, the percentage of precipitation that runs off is unknown. Assuming a
ru?off rate of 15 percent, runoff recharge to the aquifer is about 2,810 acre-
ft/yr.

Infiltration of precipitation that falls directly on the valley fill (P) also
recharges the aquifer. The surface extent of the valley fill in the south basin is
about 1 mi?, The long-term mean annual precipitation is about 19 in. (fig. 6).
Using the same methodology and assumptions presented for Little Peoples Creek,
precipitation recharge to the aquifer in the south basin is about 240 acre-ft/yr.

Outflow from the basin by leakage to Lodge Pole Creek (SWo) is represented by
the appearance of streamflow about 0.25 mi upstream from gaging station 06154430
near Lodge Pole in the south basin. During all but infrequent periods of large
runoff, the channel of Lodge Pole Creek is dry from the mountain front to just
south of the gaging station. Therefore, streamflow recorded at the gaging station
comprises a significant part of the discharge from the aquifer in the south basin.
To estimate the long-term streamflow at the gaging station, the streamflow record
was extended to the base period (water years 1937-86) by statistical correlation
with extended flow records previously developed for gaging station 06154410 on
Little Peoples Creek (Parrett and Johnson, 1989, p. 22). The resulting log-linear
regression equation is:

Qlgp = 0.10(Qltp)! 853 (6)
where
Qlgp = Mean monthly streamflow for Lodge Pole Creek, in cubic feet per
second; and
Qltp = Mean monthly streamflow for Little Peoples Creek, in cubic feet
per second.
The coefficient of determination for equation 6 is 0.72. Estimated mean

monthly streamflow for Lodge Pole Creek at the gaging station during the 50-year
base period is presented in table 8. The estimated long-term mean annual flow of
Lodge Pole Creek at the gaging station is 1,400 acre-ft/yr.

Outflow through the valley fill at the downgradient boundary of the south basin
(VFGWo) was estimated by Darcy’s equation using a transmissivity of 880 ft2/d
determined by the aquifer test at well 0-46, a combined aquifer width for the two
lowest sand and gravel layers of 1,770 ft, and a hydraulic gradient of 0.011 ft/ft
determined between well 0-45 and 0-49, 230 ft downgradient. Outflow through valley
fill is estimated to be about 144 acre-ft/yr.

Evapotranspiration (ET) also discharges the aquifer. Satellite imagery was
used to estimate the areal extent of phreatophytes along Lodge Pole Creek. The
south basin contains 201 acres of phreatophytes. Consumptive use of the phreato-
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phytes was assumed to equal the consumptive use of alfalfa (26.11 in/yr or 2.18
acre-ft/yr per acre), as calculated by the U.S. Department of Agriculture (1974).
The estimated depletion due to evapotranspiration is 438 acre-ft/yr (table 9).

Table B8.--Estimated mean monthly and mean annual streamflow
of Lodge Pole Creek, water years 1937-86

Mean
annual
stream-

flow,

in
Mean monthly streamflow, in cubic feet per second acre-

De- feet

Vari- scrip- per
able tion Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. year

SWo Outflow! 0.5 0.4 0.5 0.4 0.3 0.6 1.8 10.0 5.6 1.6 0.8 0.6 1,400
from
south
basin

IDetermined at streamflow-gaging station 06154430.

Table 9.--Monthly evapotranspiration depletion along the
south basin of Lodge Pole Creek

Depletion, in acre-feet

Total
Apr. May June July Aug. Sept. Oct. (rounded)
1.0 61.9 95.5 126 103 49.0 1.2 438

Recharge to and discharge from the aquifer in the south basin of Lodge Pole
Creek are summarized in table 10. The most imprecisely known value is for recharge
by ephemeral runoff from the drainage area including ungaged flow in upper Lodge
Pole Creek and White Horse Canyon. Most of the remaining values in table 10 are
probably reasonable estimates of recharge to and discharge from the aquifer in the
south basin. The difference between total recharge and total discharge in table 10
is a result of unknown values or estimation error, not a change in aquifer storage.
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Table 10.--Summary of estimated recharge to and discharge from the

south and north basins of Lodge Pole Creek

Acre-feet

Variable Description per year
South basin
Recharge
BRGW1 Leakage from bedrock; not estimated ?
R Infiltration of ephemeral runoff from the drainage area; 2,810
includes ephemeral flow in upper Lodge Pole Creek
and White Horse Canyon
P Infiltration of precipitation that falls directly on 240
the valley fill
Total in 3,050
Discharge
SWo Outflow from the basin by Lodge Pole Creek; based on 1,400
extended streamflow record at gaging station 06154430
VFGWo Outflow through valley £ill at the downgradient 144
boundary of the basin; based on Darcy’s equation
ET Evapotranspiration; based on satellite analysis of 438
phreatophytes along Lodge Pole Creek
Total out 1,980
(rounded)
?
North basin
Recharge
VFGW1 Inflow from the valley fill of south basin 144
BRGWi1 Leakage from bedrock; not estimated ?
Total in 144"
Discharge
VFGWo Outflow through the valley fill at the north boundary ?
of basin is possible, but not estimated
Total out 2
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North basin

Recharge to and discharge from the valley-fill aquifer in the north basin of
Lodge Pole Creek can be summarized as follows:

VFGWi + BRGWi = VFGWo (7)
where
VFGWi = Inflow from the valley fill of south basin,
BRGWi = Leakage from bedrock, and
VFGWo = Outflow through valley fill at the downgradient

boundary of the basin.

The principal source of recharge to the aquifer in the north basin (VFGWi) is
outflow from the valley-fill aquifer of the adjacent south basin (VFGWo). This
recharge is estimated to- be about 144 acre-ft/yr.

Leakage of water from bedrock (BRGWi) was not measured directly but is implied
by the existence of an upward hydraulic gradient in the aquifer (wells 0-49, 0-50,
0-51, and 0-52) and an increase in dissolved-solids concentration downgradient in
the basin. However, these factors did not allow quantification of the recharge.

Potential discharge of water from the aquifer through leakage to Lodge Pole
Creek might explain the occurrence of seeps, which remained active when sections of
the creek became dry during the summer of 1988. Unfortunately, the 1low-flow
investigation conducted on the creek did not detect the leakage under the more
normal streamflow conditions in October 1987 (table 11).

Table 11.--Results of low-flow measurements of Lodge Pole
Creek, October 18, 1987

[Valley mile is approximate distance downstream from the
beginning of valley £fill. Abbreviations: ft3/s, cubic feet per
second; (ft3/s)/mi, cubic feet per second per mile.

Symbol: --, not applicable]
Change
in dis- Estimated
Site charge measurement
number Valley Discharge per mile error
(fig. 12) mile (ft3 /s) (£t3/s) /mi] (percent)
North basin

06154430 2.7 2.22 -- 8 or more
S-9 4.8 1.41 -0.39 8 or more
S-10 6.4 1.89 + .30 5
S-11 8.1 1.85 - .02 8
sS-12 10.2 1.82 - .01 8

Outflow through valley fill at the downgradient boundary of the north basin
(VFGWo) is more difficult to identify than in the south basin. The lack of
response of water levels in observation wells located north of the line of glacial
advance when well 0-55 was flowing in the summer of 1988 ‘indicates that the aquifer
is essentially discontinuous. However, a minor quantity of ground water, which
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could flow through this area if the aquifer does not totally pinch out, might be
responsible for part of the discharge from the confined aquifer.

Recharge to and discharge from the aquifer in the north basin of Lodge Pole
Creek are summarized in table 10. Most of the components of recharge and discharge
in the north basin are imprecisely known.

Water Quality

Water samples for chemical analysis were collected from 20 wells and 4 stream-
flow sites in 1987 and from S wells in 1988 in the Lodge Pole Creek valley (tables
17 and 18). Samples were collected according to guidelines described by Knapton
(1985) .

Water-quality diagrams for major ions and dissolved-solids data for selected
wells are shown in figure 15. Water in wells completed in the valley-fill aquifer
near the mountain front is a calcium bicarbonate type with dissolved-solids con-
centrations as small as 232 mg/L, whereas water in wells farther downgradient is a
sodium sulfate or magnesium sulfate type with dissolved-solids concentrations as
large as 2,500 mg/L. The trend of increasing dissolved-solids concentrations with
distance from the mountain front probably results from a combination of the fol-
lowing processes: (1) leakage from bedrock, (2) dissolution of minerals within the
aquifer, (3) limited flow through the confined part of the aquifer, and (4) evapo-
transpiration.

Water in bedrock well P-136 has larger concentrations of calcium, magnesium,
potassium, and sulfate than water in the valley-fill aquifer (table 17). Also,
water in bedrock well P-129 has a larger specific conductance than water in the
valley-fill aquifer (table 13). The quantity of inflow of water from bedrock to
the aquifer is directly proportional to the surface area of the aquifer in contact
with the underlying lenses of permeable sandstone. Therefore, the percentage of
total ground-water flow that is derived from bedrock increases with distance along
the flow path and can result in increased dissolved-solids concentrations down-
gradient.

Because the valley-fill aquifer is composed primarily of material 1locally
eroded from bedrock, dissolution of minerals that occur in the bedrock flow system
also can occur in the valley-fill aquifer. The resulting water quality is also
similar.

Water-level data imply that the confined aquifer of Lodge Pole Creek is
essentially discontinuous at the line of glacial advance, and, therefore, probably
does not discharge to the thin sand and gravel deposits to the north. This aquifer
geometry 1limits flow through the confined aquifer, thereby decreasing the dilution
of mineralized aquifer water by recharge.

Evapotranspiration accounts for part of the discharge from localized areas of
the unconfined aquifer. Evapotranspiration also increases the dissolved-solids
concentration of the impounded surface  water, which functions as a constant-head
source for the confined aquifer.

Water-quality samples from Lodge Pole Creek valley (table 17) indicate that
water from most wells completed in the valley-fill aquifer north of well 0-50 has a
high or very high salinity hazard (fig. 12). High salinity water cannot be used
without adverse effects on s0ils that have restricted drainage; use of this water
may require special salinity control and selection of salt-tolerant crops even on
soils having adequate drainage (U.S. Salinity Laboratory Staff, 1954, p. 81). None
of the water-quality samples indicate a sodium hazard that would adversely affect
soil structure.

Analyses of water samples from 19 observation wells and 3 private wells that
are completed in valley fill along Lodge Pole Creek are given in tables 17 and 18.
Of these 22 wells, 10 have water with a dissolved-solids concentration larger than
the SMCL of 500 mg/L; 8 have water with a sulfate concentration larger than the
SMCL of 250 mg/L; 8 have water with an iron concentration larger than the SMCL of
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300 pg/L; and 10 have water with a manganese concentration larger than the SMCL of
50 pg/L. The large dissolved-solids, sulfate, iron, and manganese concentrations
in ground water from most of the north basin might make the water undesirable for
domestic use in that area.

Tim B Big W i B creek Vall

Test drilling along Jim Brown Creek demonstrated a lack of continuous sand and
gravel deposits beneath the valley (table 15). Observation wells 0-35 through 0-37
and test holes T-13 through T-21 are located along Jim Brown Creek valley (pl. 2).
Well O0-35 is completed in gravel directly overlying shale and would not produce
water. Test hole T-14, about 200 ft southwest of well 0-35, penetrates 8 ft of dry
sand and gravel overlying shale at 23 ft below land surface. Although nearby
private well P-108, which is 900 ft southeast of well 0-35, produces 10 gal/min of
water from a depth of 19-26 ft below land surface, test drilling did not detect a
continuous aquifer. However, a large grove of aspens near the creek at location
26N24E02B indicates the presence of ground water in that area.

Field inspection of the drainage area and extent of valley fill along Big Warm
Creek indicates lack of a significant ground-water resource along the valley. On
the basis of this conclusion, Big Warm Creek valley was not investigated further.

Test drilling along Beaver Creek indicated the lack of continuous sand and
gravel deposits in the valley-fill sequence (table 15). Observation wells O0-64
through 0-66 and test holes T-36 through T-43 are located along Beaver Creek valley
(pl. 2). Well 0-64 was drilled near the western, upgradient end of the valley fill
along Beaver Creek where a large grove of willows indicates the presence of ground
water near the surface. The well penetrates several layers of sand and gravel
interbedded with clay and colluvium overlying shale at 52 ft below land surface.
Well 0-64 produces about 25 gal/min of water suitable for domestic, stock, or
small-scale irrigation purposes. Subsequent drilling of test holes T-36 through T-
39 about 1.4 mi downvalley denoted the absence of water-yielding sand and gravel in
the valley-fill sequence at those locations. Wells 0-65 and 0-66 and test holes T-
40 through T-43 near the east boundary of the reservation penetrate isolated, thin,
and shallow sand and gravel layers having 1little potential for ground-water
withdrawals.

POTENTIAL FOR ADDITIONAL GROUND-WATER WITHDRAWALS

The potential is good for additional withdrawalsof water from the valley-fill
aquifer along Little Peoples Creek. Considering the aquifer geometry shown in
geologic sections A-A’, B-B’, and C-C’ (pl. 1) and an estimated porosity of 25
percent, the total volume of water in the aquifer of the south basin of Little
Peoples Creek is about 10,000 acre-ft.

The aquifer test at well 0-23 provides the only data that detail large-capacity
withdrawals of water from the valley-fill aquifer along Little Peoples Creek.
Whereas water levels in the pumped and observation wells continued to decline
during the 1,450-min test (steady-state flow conditions were not achieved), data
from test drilling, aquifer tests, and recharge-discharge estimates indicate that
in some areas of the valley properly constructed wells might be capable of
sustaining 150-250 gal/min during parts of the irrigation season. However, the
data also indicate that pumping for irrigation would probably result in lowered
water levels 1in the aquifer. Additional water withdrawals for domestic and stock
use would probably not create this effect to a measurable degree. Lowered ground-
water levels in the aquifer would probably result in two interrelated consequences:
(1) increased leakage of more mineralized water from bedrock, and (2) increased
infiltration of water from Little Peoples Creek.

Water-level measurements, water-quality data, and streamflow gain-loss
measurements indicate 1leakage from bedrock along much of the Little Peoples Creek
valley. The decline of water levels in the valley-fill aquifer caused by large-
capacity pumping would effectively increase the hydraulic gradient from bedrock
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into the valley fill and thereby increase the inflow of potentially more mineral-
ized water. Although the increased leakage from bedrock would provide some amount
of water not otherwise available, the potential increase in dissolved-solids
concentration might make the water unacceptable for certain uses.

The relation of streamflow and water-level fluctuations in selected wells indi-
cates hydraulic connection between Little Peoples Creek and the unconfined part of
the valley-fill aquifer. Thus, lower water levels in the aquifer as a result of
pumping would increase infiltration from the creek. Although the water entering
the aquifer from Little Peoples Creek would decrease the average dissolved-solids
concentrations in the aquifer, the resulting decrease in streamflow might not be
acceptable to downstream users who rely on the stream for stockwater.

The potential is limited for additional withdrawals of water from the valley-
fill aquifer along Lodge Pole Creek. Although the estimated transmissivity of the
aquifer in the south basin is sufficient to permit the development of wells capable
of producing 250 gal/min, insufficient long-term recharge to the aquifer would
severely limit the use of large-capacity wells. The quantity and quality of ground
water available in the south basin, however, provide good potential for additional
withdrawals for domestic and stock-watering use.

In the north basin of Lodge Pole Creek, the estimated transmissivity of the
confined aquifer is not adequate to supply ground water to large-capacity
irrigation wells. In contrast, the potential is excellent for development of
small-yield flowing artesian wells for stock-watering purposes. However, the large
dissolved-solids, iron, and manganese concentrations in ground water in the north
basin exceed the SMCL’s for those constituents and might make the water undesirable
for domestic use in that area.

The limited extent of valley fill and recharge areas for Jim Brown and Big Warm
Creek valleys restricts the potential for water withdrawals for irrigation in those
valleys. In Beaver Creek valley, the potential for additional water withdrawals
from the wvalley-fill aquifer is limited to the part of the valley upgradient from
well 0-64. There, the quantity and quality of the water is suitable for domestic,
stock, or small-scale irrigation use. Test drilling downgradient from well 0-64
indicates the potential for water withdrawals in that area of Beaver Creek valley
is negligible.

SUMMARY AND CONCLUSIONS

The southern part of the Fort Belknap Indian Reservation has diverse
physiography, drainage, and climate. Three physiographic units are present: (1)
plains in the northern and central parts, (2) foothills surrounding the Little
Rocky Mountains in the southern part, and (3) the Little Rocky Mountains uplift.
Five principal creeks drain the northern flank of the Little Rocky Mountains:
Little Peoples, Lodge Pole, Jim Brown, Big Warm, and Beaver Creeks. Of these, only
Little Peoples and Lodge Pole Creeks have deposits of sand and gravel that are
continuous along most of the length of the valleys.

The stratigraphy of the area is varied. Precambrian metamorphic rocks and
Tertiary igneous rocks are exposed in the core of the Little Rocky Mountains.
Paleozoic, Mesozoic, and Cenozoic sedimentary rocks are exposed on the flank of the
mountains and on the surrounding plains. Unconsolidated deposits occur beneath
terraces surrounding the Little Rocky Mountains and as Quaternary valley fill and
glacial deposits.

The geometry, flow system, and water quality of the valley-fill aquifers along
Little Peoples and Lodge Pole Creeks can be summarized as follows:

1. The valley fill overlies and is bounded laterally by shale except where the
valleys cross the Eagle Sandstone and localized sandstone of the Judith River
Formation. Hydraulic connection between the underlying sandstone and the valley
£ill is implied but not quantified by this report.
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2. The principal aquifer in Little Peoples Creek valley is layered sand-and-
gravel channel-fill deposits in the lower part of the valley-fill sequence. These
deposits average about 20 ft in aggregate thickness in the center of the valley.
In Lodge Pole Creek valley, the sand and gravel deposits are more randomly
distributed, commonly occurring as multiple layers with limited hydraulic
connection. The aquifer in both valleys is locally overlain or underlain by
relatively impermeable clay and colluvium.

3. The valley-fill aquifers function essentially as unconfined aquifers in the
southern, upgradient, unglaciated parts of the valleys and as confined aquifers in
the northern parts, where they are overlain by glacial sediments.

4. Analysis of aquifer tests conducted along Little Peoples Creek results in
calculated hydraulic-conductivity values of valley fill of 480, 300, 250, and 180
ft/d at wells located successively farther away from the mountain front. In valley
£fill along Lodge Pole Creek, analysis of aquifer tests results in <calculated
hydraulic-conductivity values of 760 ft/d in the unconfined, southern basin and
about 180 ft/d near Lodge Pole.

5. Little Peoples and Lodge Pole Creek valley-fill aquifers are recharged by
infiltration of streamflow, runoff, and precipitation, and by leakage of water from
bedrock. The aquifers are discharged by leakage of water to streams, evapotrans-
piration, and outflow through valley fill at the downstream end of the study area.
Discontinuous aquifer deposits may limit ground-water outflow in the Lodge Pole
Creek valley.

6. In both valleys, water in wells near the mountain front is a calcium bi-
carbonate type, with dissolved-solids concentrations as small as 232 mg/L, whereas
water 1in wells farther downgradient is a sodium sulfate or magnesium sulfate type
with dissolved-solids concentrations as large as 11,500 mg/L. The increase in
dissolved-solids concentration downflow in the aquifer probably results from a
combination of leakage from bedrock, dissolution of minerals within the aquifer,
and evapotranspiration. In the Lodge Pole Creek valley, the trend of increasing
dissolved-solids concentrations also is related to limited flow through the
confined part of the aquifer north of Lodge Pole.

The potential is good for additional withdrawals of water from the valley-fill
aquifer along Little Peoples Creek. However, the development of additional wells
capable of sustaining 150-250 gal/min for irrigation could lower water levels or
hydraulic heads in the aquifer, increase leakage from bedrock, and increase
infiltration from Little Peoples Creek, which may ultimately decrease streamflow.
Although water-quality data indicate that the possipie increase in dissolved-solids
concentration caused by additional pumping would probably not preclude using the
water for irrigation, the change of water quality in the aquifer might not be
acceptable for use downgradient. Increased infiltration of water from Little
Peoples Creek would generally improve water quality in the aquifer, but the
resulting decrease in streamflow might not be acceptable to downstream users who
rely on the stream for stockwater.

The potential is limited for additional withdrawals of water from the valley-
fill aquifer along Lodge Pole Creek. Insufficient long-term recharge to the
aquifer would severely 1limit the use of large-capacity wells. However, the
potential is good for additional withdrawals in the southern, unconfined part of
the aquifer for domestic and stock-watering use. Water quality in the northern
confined part of the aquifer might be undesirable for domestic use.

Investigation of the Jim Brown, Big Warm, and Beaver Creek valleys indicated
that none had sufficient aquifer thickness or recharge area to warrant the
development of large-capacity irrigation wells. However, areas of Beaver Creek
near the mountain front have the potential to support additional wells for
domestic, stockwater, and small-scale irrigation use.
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Table 12.--Records of streamflow-measurement sites

and gaging stations

Little Peoples Creek

Lodge Pole Creek

Gaged basins outside
study area (fig. 10)

Site Location Site Location Site Location
number number number number number number
06154410 26N24E32BDD 01 06154430 26N25E05CDDCO1 06154400 29N23E35C 01
s-1 26N24E32BBCAO1 s-9 27N24E36DAAAO] 06154490 30N25E25DAC 01
S-2 26N24E19CCCA01 S-10 27N24E26ADCDO1 06154500 30N26E21BDD 01
s-3 26N23E24BDBAO1 S-11 27N24E13CCDBO1
S~-4 26N23E14ADABO1 S-12 27N24E01CDABO1
S-5 26N23EO01CABAO1L
S-6 27N24E25CABCO1
S-7 27N23E14DDADO1
s-8 27N23E09ADBCO1
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Table 13.--Records of wells

Site number--numbering system described in text.

Location number--numbering system described in text.
Altitude of land surface--reported in feet above sea level.
Geologic unit--

Qvf - Quaternary valley fill

QTt - Quaternary and Tertiary terrace deposits
Kjr - Upper Cretaceous Judith River Formation
Kcl - Upper Cretaceous Claggett Shale

Ke - Upper Cretaceous Eagle Sandstone

Kc - Upper and Lower Cretaceous Colorado Group

KJke - Lower Cretaceous to Middle Jurassic Kootenai
Formation and Ellis Group

Depth of well--reported in feet below land surface.

Diameter of casing--reported in inches.

Type of finish--C, porous concrete; F, gravel, with perforations; G, galvanized
iron; O, open end; P, perforated or slotted; S, stainless-steel screen; X, open
hole.

Top of open interval--reported in feet below land surface.

Bottom of open interval--reported in feet below land surface.

Primary use of water--C, commerical; H, domestic; I, irrigation; P, public
supply; S, stock; T, institution; U, unused.

Water level--reported in feet below or above (+) land surface.

Water-level source--D, driller; O, owner; R, reported; S, reporting agency.

Discharge--reported in gallons per minute.

Method of discharge measurement--B, bailer; E, estimated; O, orifice; R, reported;
V, volumetric.

Onsite temperature--reported in degrees Celsius.

Onsite specific conductance--reported in microsiemens per centimeter at 25 degrees
Celsius.

Symbols: -, =--, no data or not applicable; <, less than.

49



Table 13.--Records of wells--Continued

Site Alti- Diam- Top of Bottom Pri-
num- tude eter open of open mary
ber of land Geo- Depth of cas- Type inter- inter- use
(pl. surface logic of well ing of val val of
2) Location number (feet) unit (feet) (in.) finish (feet) (feet) water
B-1 26N24E31BDCDO1 3,726 KJke 226 2 G 165 195 U
B-2 26N24E31BADCO1 3,698 Kc 174 2 F 99 119 U
B-3 26N23E26ACDCO1 3,634 Ke 144 2 P 122 132 U
B-4 26N23E23DCADO2 3,540 Ke 224 2 G 203 213 U
B-5 26N23E23DCADO1 3,539 Ke 375 2 G 317 337 4]
B-6 26N23E23ACACOl1 3,474 Ke 303 2 P 282 292 U
B-7 26N23E12DCBBO1 3,391 Ke 94 2 G 73 83 4]
B-8 26N23E12DCBB02 3,405 Ke 214 2 G 193 203 4]
0-1 25N22E12CABAO1 3,490 QTt 67 2 F 52 57 4]
0-2 26N24E31AAAAQL 3,681 Qvf 83 2 F 68 78 4]
0-3 26N24E30CBACO1 3,610 Qvf 28 2 F 23 28 4]
0-4 26N24E30CBAAO2 3,603 Qvf 21 2 F 15 21 U
0-5 26N24E30BDCBO1 3,596 Qvf 45 2 F 40 45 U
0-6 26N24E30BDBAO1 3,592 Qvf 45 2 F 35 45 U
0-17 26N24E30BADBO1 3,590 Qvf 34 2 F 20 25 0]
0-8 26N24E30BDACO1 3,595 Qvf 54 2 F 44 54 )
0-9 26N24E30BDAC02 3,594 Qvf 53 4 F 43 53 U
0-10 26N23E24BDBB01 3,464 Qvf 40 2 F 35 40 U
0-11 26N23E14BDBAO1 3,373 ovf 45 2 F 30 35 4]
0-12 26N23E14ACBBO1 3,373 ovf 48 2 F 35 40 U
0-13 26N23E14ACBB02 3,372 Qvf 40 4 F 30 40 U
0-14 26N23E14ABCDO1 3,374 Qvf 40 2 F 35 40 U
0-15 26N23E14ABDDO1 3,376 Qvf 35 2 F 22 27 U
0-16 26N23E11ADAAC] 3,304 Qvf 85 2 F 50 55 U
0-17 26N23E12ABACO1 3,302 Qvf 43 2 F 30 35 )
0-18 26N23E01DBCDO1 3,276 Qvf 27 2 F 22 21 U
0-19 26N23E01BCCDO1 3,264 Qvf 58 2 F 43 48 U
0-20 27N23E36CCCDO1 3,236 Qvf 35 2 F 30 35 U
0-21 27N23E36CCDCO1 3,241 Qvf 82 2 F 69 74 U
0-22 27TN23E36CCDCO2 3,240 Qvf 85 4 F €35 75 U
0-23 27N23E36CCDCO3 3,240 ovf 87 12 S 62 17 U
0-24 27TN23E36CCDDO1 3,241 Qvf 13 2 F 60 65 U
0-25 27N23E36CCDD02 3,242 Qvf 28 2 F 23 28 U
0-26 27N23E36CBBAOL 3,214 Qvf 100 2 F 85 90 U
0-217 27N23E25BCCDO1 3,165 Qvf 110 2 F 85 90 U
0-28 27N23E23AADCO1 3,091 Kjr 130 2 F 120 130 U
0-29 27N23E23AAAAQ]L 3,069 Qvf 88 2 F 70 80 U
0-30 27N23E10DDDDO1 3,004 Qvf 97 2 F 80 85 U
0-31 27N23E09AADAOL 2,959 Qvf 123 2 F 110 115 U
0-32 27N23E10BBBDO1 2,965 Qvf 128 2 F 110 120 U
0-33 27N23E10BBBD02 2,965 Qvf 120 4 F 110 120 U
0-34 27N23E03CDCCO1 2,988 Qvf 105 2 F 85 95 U
0-35 27N24E35CCABO1 3,360 ovf 72 2 F 57 62 U
0-36 27N24E16BABCO1 2,950 ovf 24 2 F 11 14 u
0-37 28N24E32CCAAQlL 2,845 Qvf 113 2 F 94 103 U
0-38 26N25E20BABAO2 3,630 ovf 32 2 F 27 32 U
0-39 26N25E17DACBO1 3,567 Qvf 55 2 F 40 45 U
0-40 26N25E17BAAAOL 3,505 Qvf 65 2 F 50 55 U
0-41 26N25SE17ABBBO1 3,505 Qvf 55 2 F 50 55 U
0-42 26N25E17ABBB02 3,505 Qvf 54 4 F 44 54 U
0-43 26N25E08DCDCO1 3,505 Qvf 55 2 F 40 45 U
0-44 26N25E08BDACO1 3,446 Qvf 60 2 F 45 S0 U
0-45 26N25E0SCAAAD3 3,387 Qvf 68 2 F 50 58 4]
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Table 13.--Records of wells--Continued

Method Onsite Onsite Site
Date of dis- Onsite spe- pH Date num-
Water -Water- water Dis- charge temper- cific con- (stand- quality Dber
level level level charge measure- ature ductance ard parameter (pl.
(feet) source measured (gal/min) ment (°C) (us/cm) units) measured 2)
1.15 S 09-30-88 - - 9.5 710 -- 10-03-88 B-1
24.78 S 09-30-88 - - 10.0 1,850 - 10-03-88 B-2
13.45 S 10-02-88 - - 9.0 680 7.8 09-15-88 B-3
28,58 s 09-20-88 - - 9.0 1,080 -- 09-15-88 B-4
- - - - - 10.5 1,060 - 10-01-88
+20.95 S 09-21-88 - - 10.0 840 7.7 09-14-88 B-5
- - - - - 10.5 1,340 - 10-01-88
28.82 S 10-02-88 - - 10.0 775 - 10-03-88 B-6
31.13 S 10-02-88 - - 9.0 1,140 - 09-20-88 B-17
- - - - - 10.5 1,280 - 10-02-88
35.68 S 10-04-88 - - 10.5 1,480 - 10-02-88 B-8
50.64 S 12-17-87 <1 E - - -- - o-1
45.17 s 08-26-87 - - 9.0 480 7.5 08-26-87 0-2
26.22 S 08-26-87 <1 E - - -- - 0-3
18.50 S 08-26-87 <1 E -- - -- - 0-4
13.74 S 08-26-87 - - 9.0 477 7.6 08-26-87 0-5
11.8 S 08-26-87 - - - - - - 0-6
7.91 S 08-26~-87 - - 9.5 813 7.3 08-26-87 0-7
16.61 S 08-26~-87 20 E - - - - 0-8
12.79 S 08-26~-87 60 o} 9.0 471 7.4 10-17-87 0-9
20.05 S 08-26-87 - - 8.5 572 7.3 10-14-87 0-10
19.99 S 08-27-87 - - 8.5 1,550 7.2 10-14-87 0-11
19.39 S 08-27-87 - - - - - - 0-12
19.10 S 08-28-87 70 o} 7.5 1,150 7.3 10-19-87 0-13
21.91 S 08-27-87 - - 9.5 570 7.4 10-14-87 0-14
- - - 1 E - - -- - 0-15
4.08 S 08-27-87 20 E 7.5 620 7.3 10-15-87 0-16
15.95 S 08-27-87 10 E 9.0 13,000 7.5 10-15-87 0-17
7.17 S 08-27-87 10 E 9.5 6,620 7.3 09-14-87 0-18
7.22 S 08-27-87 20 E 8.5 1,620 7.4 09-12-87 0-19
1.34 S 08-26-87 10 E 9.0 1,550 7.4 09-12-87 0-20
4.48 S 08-26-87 40 E - - - - 0-21
3.88 S 08-26-87 50 E 9.0 985 7.2 09-14-87 0-22
3.32 S 06-22-88 270 o 8.5 970 7.3 06-23-88 0-23
4.72 S 08-26-87 5 E 8.5 713 7.3 09-12-87 0-24
16.08 S 08-26-87 - - 9.0 3,030 7.3 09-12-87 0-25
14.27 S 08-28-87 20 E 8.5 881 7.5 09-13-87 0-26
16.78 S 08-27-87 - - 9.5 953 7.5 09-13-87 0-217
44,24 S 08-27-87 - - 10.0 1,260 7.6 09-13-87 0-28
22.64 S 08-27-87 10 E 10.5 993 7.5 09-13-87 0-29
8.43 S 08-27-87 - - 9.0 1,550 8.2 09-11-87 0-30
+2.46 S 08-27-87 - - 9.0 1,990 7.8 09-12-87 0-31
4.15 S 08-27-87 - - -- -- -- - 0-32
4.62 S 08-27-87 66 o 9.0 1, 640 7.9 09-11-87 0-33
37.67 S 08-27-87 - - 10.5 1,590 8.3 09-10-87 0-34
60.12 S 08-28-87 - - - .- - -~ 0-35
11.87 S 08-27-87 - - - - - - 0-36
98.05 - 09-26-87 <1 E - - -- - 0-37
32.00 S 08-30-87 <1 E - - -- -- 0-38
37.50 S 08-29-87 - - - - -- - 0-39
18.06 S 08-29-87 - - 7.5 515 7.5 11-05-87 0-40
17.05 S 08-29-87 - - - - -- - 0-41
16.54 S 08-29-87 60 (o] 8.0 362 7.7 09-15-87 0-42
15.74 S 08-29-87 - - 7.0 478 7.4 11-04-87 0-43
9.59 S 08-29-87 25 E 8.0 459 7.5 10-18-87 0-44
+2.50 S 08-28-87 30 E - - - - 0-45
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Table 13.~-Records of wells--Continued

Site Alti- Diam- Top of Bottom Pri-
num- tude eter open of open mary
ber of land Geo- Depth of cas- Type inter- inter- use
{pl. surface logic of well ing of val val of
2) Location number {feet) unit {feet) (in.) finish (feet) (feet) water
0-46 26N25E05CAAAQ4 3,388 Qvf 60 4 F 50 60 U
0-47 26N25E05CACAOQL 3,389 Qvf 23 2 F 18 23 U
0-48 26N25E05CABDO1 3,387 Qvf 69 2 F 56 61 U
0-49 26N25E05CAAAQL 3,382 Qvf 64 2 F 51 56 U
0-50 26N25E05CAAAQ2 3,383 Qvf 40 2 F 35 40 U
0-51 27N24E36DAACO2 3,294 Qvf 85 2 F 70 75 U
0-52 27N24E36DAACO3 3,295 ovf 43 2 F 38 43 U
0-53 27N25E31BCCDO1 3,314 Qvf 97 2 F 84 89 U
0-54 27N24E26ADCDO1 3,216 Qvf 87 2 F 74 79 U
0-55 27N24E26ABDCO1 3,191 Qvf 86 2 F 71 76 U
0-56 27N24E13CCDB03 3,095 Qvf 38 2 F 26 31 U
0-57 27N24E13CcCDBO1 3,101 Qvf 54 2 F 45 50 U
0-58 27N24E13CCDB02 3,101 Qvf 55 4 F 45 55 U
0-59 27N24E13CCDAO1 3,103 Qvf 65 2 F 52 57 4]
0-60 27N24E13CDCBO1 3,129 Kjr(?) 170 2 F 150 160 U
0-61 27N24E01CDAACOL 2,972 Qvf 75 2 F 60 65 U
0-62 27N25E29CDDDO1 3,410 Qvf 73 2 F 58 63 U
0-63 27N25E29BDBAO1 3,340 ovf 133 2 F 118 123 U
0-64 25N26E05BADBO1 3,380 ovf 62 2 F 47 52 U
0-65 25N26E22BBBB01 3,060 ovf 34 2 F 18 24 U
0-66 25N26E15CCCAQ1 3,060 ovf 17 2 F 9 14 U
pP-1 26N23E30DBD 01 3,640 Qvf 63 4 - 63 - U
P-2 26N24E31AAD 01 3,720 KJke 290 4 - -- -- -
P-3 26N24E31AAD 02 3,720 KJke 215 6 P 94 215 H
P-4 26N24E30CDA 01 3,635 Qvf 40 4 - 30 40 U
P-5 26N24E30DDABO1 3,660 KJke 192 8 - - - H
P-6 26N24E30DADCO2 3,660 ovf - 6 - - - P
P-17 26N24E30DADCO1 3,660 KJke - - - - - P
pP-8 26N24E30CBC 01 3,610 ovf 40 4 - 29 40 U
P-9 26N24E30CBADC1 3,600 Ke 240 8 P 230 240 H
P-10 26N24E30DBC 01 3,635 ovf 56 6 - 45 56 H
P-11 26N24E30DBB 01 3,635 ovf 54 6 P 40 54 H
P-12 26N24E30DBD 02 3,645 ovf 58 6 P 50 58 H
P-13 26N24E30DAB 01 3,640 ovf 62 4 - 40 62 U
P-14 26N24E30ADC 01 3,625 Qvf 60 4 P 52 60 H
P-15 26N24E30CBAAO1 3, 600 Ke 289 8 - - - H
P-16 26N24E30BCD 01 3,580 Qvf 35 4 - - - H
P-17 26N24E30BDB 01 3,600 Qvf 39 4 P 34 39 H
P-18 26N24E30BDB 02 3,600 Qvf 28 6 - - - H
P-19 26N24E30ACB 01 3,610 Qvf 65 4 P 58 65 H
P-20 26N24E30BBD 01 3,570 ovf 26 4 - - - H
P-21 26N24E30BAC 01 3,580 Qvf - b - == -- H
P-22 26N24E19CDC 04 3,370 Qvf 37 4 P 27 37 H
P-23 26N24E19CcDC 01 3,580 Qvf 25 4 P - - H
P-24 26N24E19CDC 03 3,580 Ke 30 6 P 25 30 H
P-25 26N24E19CcDC 02 3,580 ovf 37 6 P 17 - H
P-26  26N24E19CcCD 01 3,560 ovf 32 4 - 32 - H
p-27 26N24E19BDCCO1 3,580 Qvf 40 6 P 35 40 H
P-28 26N23E25AAA 01 3,540 Qvf 28 6 - - - H
P-29 26N23E25AAA 02 3,540 Qvf 27 4 - - -- H
P-30 26N23E25AADAO] 3,550 Qvf 35 6 P 30 35 H
P-31 26N23E24DDDB02 3,535 Qvf 25 6 P 22 25 H
P-32 26N23E24DDDBO1 3,540 ovf 32 - - -- -- H
P-33 26N23E24DDA 01 3,535 Qvf 45 6 P 22 45 c
P-34 26N24E19CCB 01 3,550 Qvf 32 4 - 32 - H
P-35 26N24E19CCB 02 3,540 Qvf 32 6 o] -- - H
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Table 13.--Records of wells--Continued

Method Onsite Onsite Site
Date of dis- Onsite spe- pH Date num-
Water Water- water Dis- charge temper- cific con- (stand- quality ber
level level level charge measure- ature ductance ard parameter (pl.
(feet) source measured (gal/min) ment (°C) (pS/cm) units) measured 2)
-- S 08-28-87 68 0 8.0 609 7.2 10-18-87 0-46
8.79 S 08-28-87 20 E 9.5 830 7.1 10-17-87 0-47
1.01 S 08-28-87 20 E 8.0 590 7.4 10-17-87 0-48
+4.96 S 08-28-87 20 E 7.5 710 7.4 10-17-87 0-49
1.24 S 08-28-87 15 E 7.5 615 7.4 10-17-87 0-50
+2.40 [ 08-28-87 2 E 8.5 1,520 7.1 11-05-87 0-51
10.63 S 08-28-87 -- - 8.0 1,900 7.2 11-05-87 0-52
29.10 S 08-28-87 -- - 8.5 730 7.7 11-05-87 0-53
8.98 S 08-29-87 - - 9.0 1,280 7.4 11-05-87 0-54
+15.17 S 08-30-87 80 E 8.5 2,170 7.1 11-05-87 0-55
9.23 S 08-29-87 15 E 8.5 2,690 7.0 11-04-87 0-56
15.08 S 08-29-87 20 E - -- -- - 0-57
15.11 S 08-29-87 55 (o) 9.0 3,020 6.8 10-16-87 0-58
15.60 S 08-29-87 20 E 8.5 2,900 6.8 11-04-87 0-59
15.67 S 08-29-87 25 E 9.0 2,850 6.8 11-04-87 0-60
62.85 S 08-30-87 1 E -- -- - - 0-61
22.55 S 08-29-87 10 E 8.0 613 7.5 11-04-87 0-62
91.99 S 08-29-87 2 E 8.5 869 7.3 11-04-87 0-63
5.03 S 08-30-87 25 E 8.0 440 7.5 11-03-87 0-64
12.71 [ 08-30-87 2 E 10.0 2,520 7.2 11-03-87 0-65
4.44 S 08-30-87 2 E 10.0 680 7.3 11-03-87 0-66
47 D 01-01-61 10 - - - - -- P-1
32 D 12-01-60 4 R -- 628 -- 10-25-73 P-2
53.19 S 08-15-73 6 R - 720 -- 08-15-73 P-3
22.00 S 01-01-61 2 - - - - == P-4
- - -- 4 R -- 822 -- 10-25-73 P-5
64.75 S 11-03-88 -- - 10.5 980 6.8 11-03-88 P-6
+5.12 S 11-03-88 -- - 11.5 960 7.3 11-03-88 P-7
12 D 01-01-61 2 - - -- - -- P-8
20.27 S 10-14-73 10 R - - - - P-9
33.72 S 08-15-73 10 - -- 480 -- 08-15-73 P-10
31.10 S 08-15-73 15 - - 480 - 08-15-73 P-11
41.75 S 10-10-73 10 - - - -- - P-12
45.00 S 12-01-60 12 - - - - - P-13
23.51 S 08-15-73 10 - -- 680 -- 08-15-73 P-14
16.27 [ 10-14-73 10 R - - -- -- P-15
24 D 01-01-65 12 - -— -- - - P-16
15.85 [ 08-15-73 12 - - 480 - 08-15-73 P-17
13 R 10-01-65 10 - - -- - - P-18
49 D 12-01-60 10 - -- -- -- - P-19
8 D 01-01-61 12 - -- 480 -- 08-15-73 P-20
-- - -- - - -- 910 -- 08-15-73 P-21
14 D 01-01-61 10 - - - -- - P-22
10.63 S 08-14-173 5 R - 850 -- 08-14-73 P-23
18 D 09-01-73 10 R - -- -- - P-24
11.24 S 08-14-73 10 - - 850 -- 08-14-73 P-25
18 D 01-01-61 15 - - -- -- -- P-26
24.00 S 10-01-73 10 - - - -- - P-27
6.01 S 08-14-73 10 R 12.0 530 -- 08-14-173 P-28
18 D 01-01-61 8 - - - -- - P-29
8 D 03-01-71 10 v - - -- -- P-30
18 D 09-01-73 7 - - -- - -- P-31
-- - - - - 9.5 520 7.1 11-02-88 P-32
21.60 S 08-14-73 23 - - -- - -- P-33
22 D 01-01-61 4 - - 630 -- 08-14-73 P-34
9.70 S 08-14-73 6 R -- - - - P-35
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Table 13.--Records of wells--Continued

Site Alti- Diam- Top of Bottom Pri-
num- tude eter open of open mary
ber of land Geo- Depth of cas- Type inter- inter- use
(pl. surface logic of well ing of val. val of
2) Location number (feet) unit (feet) (in.) finish (feet) (feet) water
P-36 26N24E19CCB 03 3,540 Qvf 25 6 P 20 25 H
P-37 26N23E24DDB 01 3,520 Qvf 21 4 P 21 - H
P-38 26N23E24DBD 02 3,500 Qvf 23 6 P 22 23 H
P-39 26N23E24DBD 01 3,500 Qvf 26 4 - 26 - H
P-40 26N23E24DAB 01 3,510 Qvf 33 6 P 28 33 H
P-41 26N23E24CADDO1 3,510 ovf 40 4 - 34 40 H
P-42 26N23E24DBA 01 3,490 Qvf 21 4 - - - U
P-43 26N23E24DBBCO1 3,480 Qvf 40 6 P 35 40 H
P-44 26N23E24ACC 01 3,480 Qvf 32 4 - -— - H
P-45 26N23E24BDC 01 3,480 Qvf 31 4 - - - U
P-46 26N23E24BDB 01 3,470 Qvf 34 4 = 34 - H
P-47 26N23E24BBDDO1 3,460 ovf 26 6 - == -- H
P-48 26N23E23AAD 01 3,480 Ke 69 6 P 45 69 H
P-49 26N23E23AAD 02 3,460 Ke 48 6 - - - P
P-50 26N23E24BBC 01 3,460 Ke 91 6 P 69 91 H
P-51 26N23E14DDD 01 3,430 Qvf 32 4 - 32 - H
P-52 26N23E14DDA 04 3,420 ovf 46 6 P 35 - H
P-53 26N23E14DDA 01 3,425 Qvf 30 4 - 28 29 H
P-54 26N23E14DDA 05 3,420 Qvf 31 6 P 27 31 H
P-55 26N23E14DDB 01 3,415 Qvf 34 4 - 34 - U
P-56 26N23E14DDB 02 3,420 Qvf 32 6 P 26 32 H
P-57 26N23E14DDA 03 3,415 Qvf 29 4 P 35 46 H
P-58 26N23E14DDA 02 3,420 Qvf 80 4 - - - H
P-59 26N23E13CBC 01 3,420 Qvf 25 4 - 21 25 U
P-60 26N23E13CBB 01 3, 410 Qvf 20 4 - - -— H
P-61 26N23E14DAARO] 3,400 ovf 20 4 - - - U
P-62 26N23E14ADD 02 3,400 Qvf 23 6 P 20 23 H
P-63 26N23E14ADD 01 3,400 Qvf 37 6 P 20 37 H
P-64 26N23E14ADCBO1 3,390 Ke 180 6 - -— - H
P-65 26N23E14ADC 01 3,385 ovf 25 4 - 21 25 H
P-66 26N23E14ADA 01 3,360 Qvf 40 4 - 21 40 U
P-67 26N24E17BAADO1 3,670 KJke - - - - - -
P-68 26N23E14ABCBO1 3,370 Qvf -- 6 - - -- S
P-69 26N23E11DBC 02 3,345 Qvf 28 6 P 22 28 H
P-70 26N23E11DBC 01 3,345 Qvf 21 6 o} -- - U
P-71 26N23E12CBB 01 3,330 Qvf 35 6 P 25 - H
pP-72 26N23E12ACA 01 3,320 Ke 37 6 P 13 37 S
P-73 26N23E12ADDDO1 3,370 ovf 45 6 F 20 - H
P-74 26N23E11ABD 02 3,315 ovf 21 4 - - - H
P-75 26N23E11ABD 01 3,320 Qvf 46 6 P 36 - H
P-76 26N23E02DDB 01 3,310 Kjr 76 6 P 27 76 H
P-77 26N23E02DAA 01 3,295 Qvf 120 (3 P 26 - H
p-78 26N23E01CBB 01 3,270 Kecl 132 4 X 60 132 -
P-79 26N23E01CBARO1 3,265 Qvf 55 4 = - e H
P-80 26N23E01BDCCO1 3,255 Qvf 50 - - -- - H
pP-81 26N23E0Q2ADADO1 3,260 Qvf - 6 - -- - H
P-82 26N23E01BCB 01 3,255 Qvf 35 4 - - - H
P-83 26N24EO05CBB 01 3,380 Kc 50 4 - -- - H
P-84 26N24E05CBC 02 3,380 Ke 100 6 P 50 100 H
pP-85 26N24E05BBC 01 3,345 -- 41 4 - - - H
P-86 27N24E31DBA 01 3,290 Qvf 68 4 (o] - -- H
P-87 27N23E36CBD 01 3,210 Qvf 42 4 - -- - H
P-88 27N23E36CBD 02 3,205 Qvf 50 4 - - - I
P-89 27N23E36CBD 03 3,200 Qvf 21 4 - - - H
P-90 27N23E36CBDBO1 3,210 -- 70 6 G - - H
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Table 13.--Records of wells--Continued

Method Onsite Onsite Site
Date of dis- Onsite spe- PH Date num-

Water Water- water Dis- charge temper- cific con- (stand- quality Dber
level level level charge measure~ ature ductance ard parameter (pl.

(feet) source measured (gal/min) ment (°C) (uS/cm) units) measured 2)
15 D 09-01-73 10 - - - - - P-36
12 D 01-01-61 7 - -- 600 - 08-14-73 P-37
12 S 10-01-73 10 - - -- - - P-38
15 R 01-01-61 12 - - - - - P-39
11 D 08-01-65 10 - - 530 - 08-14-73 P-40
22 D 03-01-61 15 R - 1,800 - 08-09-69 P-41
9.00 s 01-01-61 15 - - - - - P-42
26.45 S 10-01-73 10 - - - - -- P-43
18 R 01-01-61 8 - - - - - P-44
24 D 01-01-61 10 - - - - - P-45
26.40 D 01-01-61 12 - - 600 - 08-09-73 P-46
15 R 07-01-65 8 - - 720 - 08-09-73 P-47
45 D 04-01-68 5 R - - - - P-48
21 D 04-01-69 5 R - - - - P-49
4 D 11-01-72 10 R - - - - P-50
24.80 R 01-01-61 8.0 - - - - - P-51
21 D 04-01-68 14 - - - - - P-52
17 D 01-01-61 10 - - - - -— P-53
20 R 12-01-72 10 - - - - - P-54
27 D 01-01-61 5.0 - -— - - - P-55
25.00 S 10-01-73 10 - - - - - P-56
5.17 S 08-09-73 10 - - 1,550 - 08-09-73 P-57
28 D 01-01-61 1.0 - - - - - P-58
13 R 01-01-61 4.0 - - - - - P-59
12.12 S 07-17-73 12 - - 640 - 07-17-73 P-60
14 D 03-01-61 7.0 - - - - - P-61
15 R 09-01-73 10 - - - - - P-62
11 R 10-01-73 10 - - - - - P-63
- - - - - 10.5 1,500 9.0 11-03-88 P-64
18 R 01-01-61 8.0 - -- 680 - 07-17-73 P-65
14 R 01-01-61 2.0 - - - - - P-66
- - -- -- - - 687 - 10-25-73 P-67
24.74 S 11-04-88 - - 9.0 1,010 7.2 11-04-88 P-68
13.69 S 08-09-73 10 - - 690 - 08-09-73 P-69
15 D 07-01-65 8.0 - - - - - P-70
11.22 S 07-17-73 15 - -— - - -— P-71
13 D 03-01-70 8.0 R -- - -- - P-72
11.68 S 08-15-73 20 - - 659 - 10-25-73 P-73
5.00 S 01-01-61 2.0 - - - - -- P-74
4.19 S 08-09-73 10 - - - - - P-75
14.07 S 07-17-73 10 R - 1,190 - 10-25-73 P-76
20.17 S 08-14-73 6.0 - - 4,280 - 10-25-73 P-1717
43 D 12-01-60 4.0 R - - - - P-78
4.55 S 07-17-73 6.0 - -— 800 - 07-17-73 P-79
- - -- 3.0 - 7.5 790 - 08-08-73 P-80
22.68 S 11-02-88 - - 10.5 2,150 7.4 11-02-88 P-81
2.30 S 07-17-73 12 - - 1,460 -- 07-17-73 P-82
33 D 01-01-61 5.0 R - - - == P-83
30 D 11-01-72 10 R - - - - P-84
18 (0] 02-01-61 8.0 - - - - - P-85
26 R 02-01-61 3.0 - - - - -— P-86
10 - 07-01-61 15 - 7.5 842 - 10-25-73 P-87
- - -— 50 - 8.0 - -- 10-01-73 P-88
9.00 S 03-01-61 15 - - - - - P-89
- - - 32 v 7.5 1,400 7.2 10-31-88 P-90
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Table 13.~~-Records of wells~-Continued

Site Alti- Diam- Top of Bottom Pri-
num- tude eter open of open mary
ber of land Geo-~ Depth of cas~- Type inter~ inter- use
(pl. surface logic of well ing of val val of
2) Location number (feet) unit (feet) (in.) finish (feet) (feet) water
P-91 27N23E35DABAO1 3,270 Kir -~ 6 - - -~ H
P-92 27N23E35ADD 01 3,250 Kir 85 6 P 76 85 H
P-93 27N23E36BBCDO1 3,190 Qvf 73 - P 73 -~ H
P-94 2TN23E35AAAAQL 3,195 Qvf 80 5 P 70 80 H
P-95 27N23E34BCABO1 3,375 Kir 232 6 P 150 232 S
P-96 27N23E25CBADO1 3,160 ovf 68 6 - - -- H
P-97 27N23E14DDBDO1 3,055 Qvf 85 6 P 79 85 H
P-98 27N23E14CAADO1 3,040 Qvf 67 6 P 57 67 H
P~99 2TN23E14CADAO1 3,040 ovf 70 - - -- - u
P-100 28N23E34AAD 01 2,905 ovf 145 6 X 62 145 u
P~101 28N23E34AAD 02 2,900 Qvf 149 - P 129 149 H
P-102 28N23E34AAACO1 2,902 Kjr - - - - -- -
P-103 28N23E36BAB 01 2,860 ovf 115 6 P 105 115 H
P-104 28N23E25ADDA01 2,840 Kir 190 6 P 171 181 S
P-105 28N24E30BBCDO1 2,858 - - - - - - -
P-106 28N24E29DBABO1 2,800 Qvf 127 6 - -~ -- S
P-107 26N24E02ACB 01 3,450 Ke 33 4 - - - H
P-108 27N24E35CDC 01 3,375 Qvf 26 6 P 19 26 H
P-109 27N24E35CDBCO1 3,480 Ke - - - -- - -
P-110 26N25E20BABAO1 3,620 Ke 80 6 - -- -- H
P-111 26N25E20ABD 01 3,720 KJke 195 6 P 160 195 H
P-112 26N25E17CDD 01 3,610 KJke 180 6 P 156 180 H
P-113 26N25E17BCABO1l 3,560 Qvf 29 4 - -- -- H
P-114 26N25E08CCAAQ1 3,470 Qvf 55 6 P 40 55 H
P-115 26N25EO08DBC 01 3,475 Qvf 45 4 - -- - H
P-116 26N25E08BDC 03 3,455 Qvf 30 6 P 25 30 H
P-117 26N25E08BDC 02 3,455 Qvf 31 ] - - - H
P-118 26N25E08BDC 01 3,480 Qvf 39 4 - - - H
P-119 26N25E08BCDBO1 3,480 Qvf 49 6 P 43 49 U
P-120 26N25E08BCA 02 3,450 Qvf 47 6 P 41 47 H
P-121 26N25E08BDA 01 3,445 Qvf 38 4 - - - H
P-122 26N25E08BDBCO1 3,445 Qvf 34 6 o - - H
P-123 26N25E08BAD 01 3,430 Qvf 40 4 - - - H
P-124 26N25E08BCA 01 3,460 Ke 38 L] - -- -- H
P~-125 26N25E08BBDAO1 3,450 Qvf 48 6 P 42 48 H
P-126 26N25E08BAB 01 3,430 Qvf 42 6 P 32 42 H
P~127 26N25E08BAB 02 3,430 Qvf 33 L] - - - U
P-128 26N25E05CDC 03 3,420 Ke 16 4 N bl -- )
P-129 26N25E05CDC 04 3,420 Ke 134 6 P 55 134 H
P-130 26N25E08ABA 01 3,430 Qvf 42 4 - = - H
P-131 26N25E08ABA 02 3,430 Qvf 41 6 - -~ - H
P-132 26N25E0Q05DCC 01 3,415 Quf 35 6 o -- - H
P~133 26N25E05CDC 01 3,430 Ke 75 L] - - -- U
P-134 26N25E05CDC 02 3,420 Ke 76 4 - -- - P
P~-135 26N25E05CCB 01 3,440 Ke 42 4 - bl - H
P-136 26N25E05CDBDO1 3,415 Kel -~ - - - - -
P-137 26N25EOQ05CCA 01 3,440 Ke 46 4 - -~ -- H
P-138 26N25E05CBC 01 3,380 Ke 50 4 - - - H
P-139 26N25E05CDA 01 3,405 -~ 35 4 - - -- H
P-140 26N25EO05CDA 02 3,405 ovf 40 6 P 29 40 H
P-141 26N25EOQ05CDA 03 3,400 ovf 40 L] P 21 40 H
P-142 26N25E05CAD 02 3,395 Qvf 21 4 - - -- U
P-143 26N25EQ05CAD 03 3,395 ovf 20 L] - - - H
P-144 26N25E05CAD 01 3,395 ovf 28 L] - - - u
P-145 26N25E05CADAO1 3,495 Qvf 39 6 o ~-- - H
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Table 13.--Records of wells--Continued

Method Onsite Onsite Site
Date of dis- Onsite spe- pH Date num-
Water Water- water Dis- charge temper- cific con~ (stand- quality ber
level level level charge measure- ature ductance ard parameter (pl.
(feet) source measured (gal/min) ment (°C) (psS/cm) units) measured 2)
53.84 S 11-03-88 - - 11.0 1,110 7.2 11-03~-88 P-91
46 D 10-01-73 15 R - - - - P-92
-— - - 50 - - - - - P-93
- - -- 60 - 8.5 848 - 03-29-73 P-94
-— - - - - 8.5 -— - 07-12-73
154 D 03-01-70 4 B -- - -~ - P-95
- - -- - - 8.0 880 7.5 11-01-88 P-96
18.18 S 07-12-73 20 - 11.0 1,070 -~ 07-12-73 P-97
-— - - 8 - 9.0 1,560 - 07-12-73 P-98
- - -- -- - -— - - - P-99
+43 D 08-01-73 500 - - - - - P-100
+43 D 09-01-73 500 - 9.0 -— -~ 10-01-73 P-101
- - - - - 9.0 3,190 - 10-25-73 P-102
78.00 S 10-01-73 10 - - -~ -~ - P-103
116 D 04-01-65 7 B -— - - - P-104
- - -- - - - -~ -~ - P-105
- - - - - 8.5 - - 07-26~73 P-106
15 D 02-01-61 1 R -- - -~ - P-107
3.70 S 08-13-73 10 - - - - - P-108
- - - - - -— 1,180 - 10-25-73 P-109
- - - -~ - 8.5 690 7.1 11-02-88 P-110
36 D 04-01-71 10 R - - -- - P-111
50 D 10-01-72 10 R - - - - P-112
14 D 02-01-61 10 - - - - - p-113
12 D 03-01-71 20 - - - - - P-114
37 D 02-01-61 10 v -- -~ - - P-115
10 D 11-01-72 15 - - - -~ - P-116
20 D 02-01-61 5 - - - - - P-117
28 D 03-01-61 10 - - -~ -~ - p-118
16 D 05-01-71 10 - - -~ - - pP-119
-— - - 10 - -- -~ - - P-120
18 D 02-01-61 10 - - 510 - 08-16-73 P-121
6.64 S 08-16-73 10 - -~ 460 -- 08-16-73 P-122
10 D 03-01-61 15 - - -~ - - P-123
18 D 02-01-61 5 v -~ - - - P-124
8.15 S 08-16-73 10 - - 560 - 08-16-73 P-125
5.08 s 08-16-73 10 - - 790 -~ 08-16-73 P-126
7.50 D 02-01-61 5 v -- -~ - - P-127
51 D 02-01-61 2 R - - - - P-128
9.93 S 08-16-73 - - -~ 2,850 - 08-16-73 P-129
12 D 02-01-61 7 - - -- - - P-130
12 D 11-01-72 15 ~ - - - - P-131
12 R 07-01-65 10 ~ - 540 - 08-16-73 P-132
18 D 03-01-61 2 R - -—- - - P-133
35 D 02-01-61 .5 R - - - - P-134
28 D 03-01-61 2 R - - - - P-135
- - - - - - 2,680 -~ 10-25-73 P-136
16 D 02-01-61 2 R - - -~ - P-137
35 D 02-01-61 5 R - - -~ -- P-138
18 S 03-01-61 10 - - - - - P-139
16.55 S 08-13-73 15 - -~ -—- - - P-140
6 D 02-01-61 5 - - -~ - - P-141
10 D 02-01-61 2 - -~ - - - P-142
5 D 02-01-61 2 - - - -- - P-143
13 D 02-01-61 8 - - - -~ - P-144
5.40 S 08-16-73 10 - - - - - P-145
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Table 13.--Records of wells--Continued

Site Alti~ Diam- Top of Bottom Pri-
num-~ tude eter open of open mary
ber of land Geo~ Depth of cas- Type inter- inter- use
(pl. surface logic of well ing of val val of
2) Location number (feet) unit (feet) (in.) finish (feet) (feet) water
P-146 26N25E05CAA 03 3,390 Qvf 37 4 - - -- H
P-147 26N25E05ACADO1 3,410 QTt 30 4 - -- - H
P-148 26N25E05CAA 01 3,390 Qvf 43 4 - - -- H
P-149 26N25E05CAA 02 3,390 Qvf 38 4 X - - H
P-150 26N25E05BDDAO1 3,380 Qvf 25 6 - -- -- H
P-151 26N25E05BDDA02 3,400 Qvf 30 6 P 26 30 H
P-152 26N25E05BDDDO1 3,380 Qvef 41 6 P 40 -- H
P-153 26N25E06ACB 01 3,360 Qvf 32 4 - -- -- H
P-154 27N25E32cccC 01 3,345 Qvf 21 4 - - -- H
P-155 27N25E31cDDBO1 3,320 Qvf 37 6 - -~ - H
P-156 27N24E36DAACO1 3,320 Qvf 30 6 p 21 30 H
P-157 27N24E26DADCO1 3,220 Qvf 52 4 - -- - H
P-158 27N24E26ADCAO1 3,210 Qvf 85 6 P 76 85 H
P-159 27N25E20BCD 01 3,250 Kjr 115 6 P 110 115 H
P-160 27N25E20BCA 01 3,240 Kjr 99 4 o] -- -- H
P-161 26N25E11CAC 01 3,260 Ke 40 4 - -- -- H
P-162 26N25E13BBA 01 3,230 Ke 65 4 - -- -- H
P-163 26N25El2cDC 01 3,210 Ke 79 4 - -- -- H
P-164 26N25E12CAC 01 3,205 Qvf 29 [3 )4 24 29 H
P-165 26N25E01ACABO1 3,150 Kijr 90 6 )4 80 90 H
P-166 27N25E25DACCO1 2,980 Kijr 94 4 - - - H
P-167 27N25E25DADBO1 2,970 Qvf 97 6 )4 90 97 H
P-168 27N26E29BCACO1 2,890 Qvf 104 6 )4 97 104 H
P-169 27N26E29BCBBO1 2,895 Qvf 109 6 P 101 109 H
P-170 27N26E18CBABO1 2,875 Qvf 90 4 o] 88 90 H
P-171 27N26E17CBCBO1 2,820 Qvf 21 4 [¢] -- - H
P-172 27N26E17CBCDO1 2,825 Qvf 30 4 )4 26 30 H
P-173 27N26E21ACB 01 2,810 Kjr 533 3 P 415 533 U
P-174 27N26E22BCA 01 2,790 Qvf 8 6 0 -- -- S
P-175 26N26E33AAA 01 3,150 Qvf 42 4 - -- -- H
P-176 26N26E33AAA 02 3,145 Qvf 42 6 P 37 - H
P-177 25N26E05BAC 01 3,380 KJke 37 6 )4 31 37 H
P-178 25N26E05DDBAO1 3,280 Qvf 30 6 - -- -- H
P-179 25N26E08ADAAOL 3,460 Qvf 23 6 )4 21 - H
P-180 25N26E08ADD 02 3,230 Qvf 25 6 p 15 - H
P-181 25N26E08ADDAO1 3,230 Qvf 14 - C -- -- T
P-182 25N26E09BcC 01 3,215 Qvf 30 6 P 19 -- H
P-183 25N26E09CDB 01 3,180 Qvf 20 [3 - -- - H
P-184 25N26E16BDA 01 3,130 Qvf 14 - o] -- - H
P-185 25N25E23ABC 01 3,560 Qvf 30 6 P 29 -- ]
P-186 25N25E24DCBAO1 3,400 Qvf 35 [3 )4 28 - H
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Table 13.--Records of wells--Continued

Method Onsite Onsite Site

Date of dis- Onsite spe- pH Date num-

Water Water- water Dis- charge temper- cific con- (stand- quality ber

level 1level level charge measure- ature ductance ard parameter (pl.

(feet) source measured (gal/min) ment (°C) (nS/cm) units) measured 2)
18 D 03-01-61 8 - - - - - P-146
11 D 02-01-61 2 \ - -- -- - P-147
6 D 02-01-61 8 - - - - - P-148
9 D 02-01-61 8 - - - - - P-149
2.23 S 11-01-88 -~ - 7.5 700 7.4 11-01-88 P-150
- - - 10 - -—- - - - P-151
-- - -- 7 - 7.0 520 8.0 10-25-73 P-152
5.85 S 08-13-73 2 - -- 3,700 - 08-13-73 P-153
8.27 S 08-13-73 10 - - -- -- - P-154
3.44 S 08-13-73 10 - - 630 -- 08-13-73 P-155
10 D 08-01-65 10 - - - - - P-156
6.77 S 08-13-73 12 - - -- -- -- P-157
+1 R 05-01-71 10 - - 1,230 -- 08-13-73 P-158
68 R 04-01-71 - - - - - -- P-159
65 R 02-01-61 2 R - -- - -- P-160
20 D 02-01-61 2 \Y - -- -- - P-161
5 D 02-01-61 3 R - - -- - P-162
4 D 02-01-61 10 R -- -- - - P-163
13 D 08-01-65 8 - - -- -- - P-164
77 D 08-01-65 6 R -— -- -- - P-165
56.39 S 07-25-173 8 v - 1,480 -- 07-25-73 P-166
53.09 S 07-25-73 10 - - - ~- - P-167
3.40 S 07-25-73 40 - - 3,000 - 07-25-73 P-168
5.79 S 07-25-73 20 R 10.5 - -- 07-25-73 P-169
- - - 2 - - - - - P-170
3.03 S 07-01-73 2 - - - - - P-171
9.20 S 07-01-73 6 B - -- - - P-172
150 D 10-01-59 12 B - -- - - pP-173
6.40 S 07-25-73 - - - - - - P-174
18.00 S 03-01-61 101 - - - - - P-175
9.00 s 11-01-72 15 - - - - - P-176
15 D 05-01-71 10 R - - - - P-177
- - 01-01-65 5 R -— - -- - P-178
11 D 06-01-65 10 - -- - - -- P-179
12 D 03-01-71 8 - - -- -- - P-180
10 D 01-01-42 25 R - - - -— p-181
6 D 06-01-65 10 - - - - - P-182
12 D 07-01-65 6 - - - - - P-183
10 D 09-01-58 200 - - - - - P-184
-— o] 06~01-65 10 - - -- - P-185
14 ] 07~01-65 6 - -- -- -- - P-186
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Table 14.--Records of test holes

Site number--numbering system described in text.

Location number--numbering system described in text.

Altitude of land
Deepest geologic

Kb
Kjr
Kcl
Kc
KJke

surface--reported
unit penetrated--

Upper
Upper
Upper
Upper
Lower

Cretaceous
Cretaceous
Cretaceous

in feet above sea level.

Bearpaw Shale

Judith River Formation

Claggett Shale

and Lower Cretaceous Colorado Group
Cretaceous to Middle Jurassic Kootenai
Formation and Ellis Group

Depth drilled--reported in feet below land surface.

Site Altitude Deepest

num- of land geologic Depth Date
ber surface unit pene- drilled hole
(pl. 2) Location number (feet) trated (feet) drilled
T=-1 25N23E08AAAAO]L 3,650 Kjr 60 08-28-87
T-2 26N24E32BBBBO1 3,700 KJke 80 07-06-87
T-3 26N24E30CCACO1 3,640 Ke 60 07-07-87
T-4 26N24E30BAAAOL 3,600 Ke 40 07-09-87
T-5 26N23E14AACDO1 3,380 Kc 20 07-11-87
T-6 27N23E36CCDAOL 3,240 Kjr 130 07-12-87
T~7 27N23E36CcDCDO1 3,220 Kir 80 07-13-87
T-8 27N23E13CCBCO1 3,060 Kjr 80 07-21-87
T-9 27N23E13CCABO1 3,070 Kjr 80 07-21-87
T-10 27N23E09ACADO1 2,965 Kir 125 07-23-87
T-11 27N23EO9ADBBO1 2,960 Kjr 130 07-23-87
T-12 27N23E09AADCO1 2,940 Kir 130 07-22-87
T-13 27N24E35CCBRO1 3,400 KJke 40 08-19-87
T-14 27N24E35CCBAO1 3,370 KJke 40 08-13-87
T-15 27NZ24E17DBABO1 2,990 Kir 80 08-18-87
T-16 27N24E16BBDCO1 2,970 Kjr 120 08-18-87
T-17 27N24E16BBDAO1 2,960 Kir 90 08-18-87
T-18 27N24E16BABD02 2,950 Kir 40 08-18-87
T-19 27N24E16BABDO1 2,950 Kir 80 08-18-87
T-20 27N24E16BAACO1 2,980 Kjr 40 08-18-87
T-21 28N24E32CCBBO1 2,855 Kir 130 08-25-87
T-22 26N25E17CcDCCO1 3,640 KJke 35 08-30-87
T-23 26N25E05ACCBO1 3,420 Kel 35 07-26-87
T-24 27N24E36DADBO1 3,320 Kel 60 08-19-87
T-25 27N25E31CBBBO1 3,310 Kcl 80 07-27-87
T~26 27N25E31CBBAO1 3,300 Kcl 80 07-27-87
T-27 27N24E01CBCDO1 3,000 Kir 120 08-16-87
T-28 27N24E01CACCO1 3,010 Kir 120 08-15-87
T-29 27N24E01CDABO1 2,960 Kir 65 08-15-87
T-30 27N24E01DCBCO1 3,030 Kir 140 08-15-87
T-31 27N24E01DDBCO1 3,050 Kjr 190 08-16-87
T-32 27N25E29CDCDO1 3,39 Kir 130 08-17-87
T-33 27N25E19AABCO1 3,210 Kir 130 08-29-87
T-34 2N25E19ABDBO1 3,240 Kir 120 08-29-87
T-35 27N25E19AAAAQ1 3,230 Kjr 132 08-29-87
T-36 25N26E09CBBBO1 3,220 Ke 20 08-27-87
T-37 25N26E09BCCDO1 3,220 Kc 20 08-27-87
T-38 25N26E09BCBDO1 3,220 Kc 20 08-27-87
T-39 25N26E09BCDBO1 3,220 Kc 30 08-27-87
T-40 25N26E15CCADO1 3,070 Kc 40 08-26-87
T-41 25N26E15CACAQL 3,070 Kb 40 08-26-87
T-42 25N26E15BDDDO1 3,070 Kb 40 08-26-87
T-43 25N26E15ACBCO1 3,070 Kb 20 08-26-87
T-44 26N26E33CDBDO1 3,650 Kc 40 08-27-87
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Table 15.--Lithologic logs of selected observation wells and test holes

[Particle-size descriptions are based on report of National Research Council
(1947). Abbreviations: ft, feet; gal/min, gallons per minute; h, hours]

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (ft)

Site pumber: O0-6
Completed: July 8, 1987

SO11 ANA LAY, DIOWN .+ utennnrnnnennnnennnesenesnnnssnnesnnessnsennsensesesneensessnes 10 10
Gravel, loose; zones of cobbles; caving down-hole; losing circulation of drilling
20 - 40 50

Gravel ané clay, tight; minor quantity of white clay; poor returns because of

uphole wash=1n....cceieiietereenoenescsoeacasasscoesosanesassocsnacssanssssssasscnas 15 65
Colorado Group:
Shale, black, tight ... iieiiiriiiieeieereeeneesceensenoossssseocnncasecsseassansassnansns 32 97

Remarks: Set 20-slot screen at 35-45 ft. Well produced water with compressed
air but water cleared slowly.

Site number: O©0-8
Completed: July 9, 1987

Alluvium:

Gravel, sand, and clay, tight....seriiereeeneoeeeacroetsocesaasosasscacscssnssssccscsas 25 25
Gravel, loose; zones of cobbles; caving down-hole, losing drilling fluid ............ 3 28
Clay, tight ...ttt iiieiiineereonenennnennas creeseetecstsestannsens ceeearcsanccanes 2 30
Gravel, loose; fair potential for water production.............. Ceeseseccssscnascanas 18 48
Clay, tight; hard drilling.....c.ccveeecunns Cethetesereanneneenn Ctceertesncensessenaan 1 49
Gravel, loose; good potential for water produCtiON..c.ciueecsecsvecncrnonsccnnscnnans 6 55

Colorado Group:
Shale, black, tight....cstiireieeeienneneenencncenecannnnne Ctectsescnscsenncansnnranns 5 60

Remarks: Set 20-slot screen at 44-54 ft. Well produced about 20 gal/min with
compressed air.

Site pumber: ©0-9
Completed: July 10, 1987

Alluvium:
Gravel, sand, and brown clay, tight...... ittt iiiiiennenecannanannn teeneecasenn 25 25

GraVel, 1O0S@.....iuieseaseconsnaseassssosssasssssssossussesnssnsoesesonssnassanessscans 3 28
Clay, tight..ierieeiiriineencnnnns St teeractnaaeeeteses et e et et s eaeesacoraocnananannnsn 2 30
Gravel, 1O0S@...uieuceeceaoectesosannsonossassesaaesesnsannsansnsessaannsasenees cesecescens 18 48
Clay, tight; hard drilling........ Ceteec st en e Ctectesstceteteesatscesccssanasteoans 1 49
Gravel, loose........ Chteeticneareaceeret e noe et tacenanna Ceecesassscsscnansasccncns 6 55

Colorado Group:
Shale, black, tight....... Ceeeaesssreesencstuacasecsescatcoasecaatatcstatnnsranaan 5 60

Remarks: Set 20-slot screen at 43-53 ft. Well produced about 40 gal/min with
compressed air.
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Table 15.--Lithologic logs of selected observation wells and test holes--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (ft)
Site pumber: 0-12
Completed: July 10, 1987
Alluvium:
Clay, brown; includes minor quantity of white clay Stringers.......ceeeeeecececsonnns 21 21
Gravel, loose; rounded to angular......ce.ceeeeecencsan S et essesssasecnssaceaeeraanan 21 42
Colorado Group:
Shale, gray...ceceeecneas feeieees P et iceceseaeseaatenaeeeannans e aeaesa e 10 52

Remarks: Set 20-slot screen at 35-40 ft with 8 ft of tail pipe. Well produced
abundant water with compressed air.

Site pumber: O0-13
Completed: August 28, 1987
Alluvium:
SOIl ANA Clay .. sesueeineeeseeseneeennosaseasesosesossnsasnnsensassssnsasasansessnsans . 21 21
Gravel and sand, loose; gravel 40 percent well- rounded 40 percent subangular,
and 20 percent SUbroUNded. ... cieeeresoensnenecsenasnacanssansescsessennnencsansenss 19 40
Colorado Group:
Shale, gray-.....ceceee cececsarenean sttt s e et st eeeeetaasssanees sttt sancn s eannoan 7 47

Remarks: Set 20-slot screen at 30-40 ft with no tail pipe. Well produced about
40-50 gal/min with compressed air; well water cleared after developing 2.5 h.

Site pumber: O©0-19
Completed: August 14, 1987
Soil and clay, brown, SCLICKY...eeeeeeenenenenns S R 14 14
Gravel, loose, small; broken pieces, iron stained................. Ceeeseasanas P 4 18
Clay, gray, soft; smooth drilling.....c..eeiireeerereensnnusnacsncasosscassnssssnnsans 8 26
Gravel, 1oose (AS aboVe) .t i it ittt ittt ettt aseneeseataeceaasassaassnannanssnnanes 1 21
Clay, gray, gritty.eeeeeeeeuieeieeeeeeaceanoaeasenoacaenenauassssanassenesosanseansanacsass 13 40
SANA(?); NO FELUINS .t et eeeneeecenosesasenssasssasssanesssesesnssssnsanasssnsnsansess 2 42
Gravel, loose; larger and more rounded than above. .. ...ttt nsecaoeennnanoans 7 49
Judith Ri F ion:
Clay, soft; grading to hard at 52 ft; probably weathered shale........civcieeneiennnn 6 55
Shale....oeevrennnenn . et eetsiaetses ettt Ceeteecseseas ettt 5 60
: Set 30-slot screen at 43-48 ft with 10 ft of tail pipe. Well produced

about 20 gal/min with compressed air; well water cleared quickly.
Site number: 0-20
Completed: July 12, 1987
Clay, brown..................: ....................................................... 12 12
Sand, fine, gray......... Ceesanceaaneen Ceteeeseaaeeaaes et teceeesecseess et nsaneann 3 15
Clay, brown............ C e etecenceesceset et tae et eenan ceeseessieciaasaanna ceeeen 3 18
Gravel, loose......... C e et eteneeenenencnacananenaenann C et ceecracenaceneanceanennnnoan 2 20
Clay, gray, sandy........... Cereeacenaann Cececssesennsaesne et ectaastsen st 10 30
Gravel, loose..... e itecc e T, et iseeseaeaesasesacaanann 5 35
Judith River Formation:
Shale, light-bluish-green, tight, sandy......cceiuiiiiiiiiiininneerocececsosnanannas .. 20 55

Remarks: Set screen at 30-35 ft. Well produced about 10 gal/min with compressed
air; well water cleared poorly.
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Table 15.--Lithologic logs of selected observation wells and test holes--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (ft)
Site pumber: O0-21
Completed: July 12, 1987
Alluvium and glacial deposits:
Clay, sandy, brown.......ce.iiiiiniiiteneenncecnenonennananns ot cecsat et ensaacnen. 18 18
Gravel, hematite stained.........viiiieinironeccensnnecnceannn Cresesennea Ceeessenneans 3 21
Clay, gray, sticky, gritty..... feeeeeeeen Ceeeraneenn . [P 34 55
Sand (?), no returns.......... cereieeee ceeaenenan fesecencan St sectsensactsenenanens 5 60
Gravel, loose; losing circulation of drilling fluid......ccvereiinennnnn. cesssssccans 15 75
Shale, sandy, gray, very soft; drills similar to clay........ Neetscesessecsasnsaenenn 20 95

Remarks: Set screen at 69-74 ft with 8 ft of tail pipe. Well produced about
40 gal/min with compressed air; well water cleared quickly.

Site pumber: 0-22

Completed: July 13, 1987

Soil and clay, medium-brown..: ...................................... W et rerssecanenana 16 16
Gravel, loose....... freeeenaes creceeeneann [ PP Cetesseneaenn Ceeressesas 3 19
Clay, medium-brown; grading to sandy......ccieiiinrinrenennnn St esetarseseses s 36 55
SaAnd, POOT FELUINS . e vt setuonesesesssasonnseassssaenosenosssecassssssesesasnsececssonsss 5 60
Gravel, lOO0SE....:viieeenacnceceeesesencessneenanssancesnssnnces Ceeresesans ceesesssns P 15 75
Judith River Formation:

Shale, bluish-gray, sandy; very Soft.....i.iieiriiniiieencencnensnoassnsnsancncecnns “ee 20 95

Remarks: Set 20-slot screen at 65-75 ft with 10 ft of tail pipe. Well produced
more than 50 gal/min with compressed air but well water cleared slowly because
of loss of 8-10 bags of bentonite into aquifer during drilling.

Site number: 0-23
Completed: October 14, 1987

Soil and clay........ s e Ceseereenen e ereene et eteereccarescesaonien 18 18
Grave]l, 1O0SE..ueeeeeeeeeeoenoeeenseoansnseosceessscssosnnaneoans f et secneseacens [ 3 21
Clay, Medium=browWn ... ittt ittt tieseasneesesnsnnscecsossssossossosccsoasnsssss 31 52
Y oY e . 8 60
Grave]l, lOO0OSE .. c.ineeeeeeenoennannceesnesseensnssssssonnensosssassosssonsncenacsasnses 17 77
Judith River Formation:

Shale, bluish-gray, sandy; very soft...... Ceresreteaens Cerereraeeeee Cecesessennsacens 10 87

Remarks: Set 60-slot stainless-steel screen at 62-77 ft with 10 ft of tail pipe.
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Table 15.--Lithologic logs of selected observation wells and test holes--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (ft)
Site pumber: 0-24
Completed: July 12, 1987
SOLL ANA CLay, DIOWN . e+ ceeeonseencnensnensnnsnsnsneneseeesncnsasneneeeeesasesasnensas 23 23
Gravel, sSmall, SANAY....ccitrcesetacsanscsansosnssassesssaseancrassnsssscsssneasassssssas 5 28
Clay, brown, soft....ciiiiieiiieiiinnecicensrncncnnces ceeccacsctcsennscanns cecscesaanas 17 45
Gravel, lO0S@....cicecececcoarsecessnsssonnsasosannnns cresrsannan mesassecaseransnrnces 2 417
Clay, brown.....ccceieeeiennenannnans cececensiecans [P cetesecaeccans cececsencnane . 10 57
Sand, fine...iv.iiiiiiiiiieieeeeeteeieeaeesuaesercnasesenscsssssasasansescsscsnnnsonasnns 3 60
Gravel, loOSE€....cocteenncnnse e R R EsarsEssscssnascnEsasssanse=an= N 3 63
Gravel, s;nd, and clay, tight...ierieinreoeeeesesasssasansccacesnsosansesassasnncasaascs 15 8
Shale, gray, sandy: soft weathered zone at top is Clay.eieecnieececnecnocncacanennns . 12 90
: Set 20-slot screen at 60-65 ft with 8 ft of tail pipe. Well produced

about 5 gal/min with compressed air; well water would not clear.
Site number: 0-26
Completed: August 14, 1987
Soil and clay, brown; stiff, gray at base............. tescerescsscsnessecnrsssnecnnens 19 19
Gravel, small to coarse, broken pieces......ccivcicececanccncns teetsescsattsansannann 3 22
Clay, gray, silty; includes small gravel and coarse sand; softer than upper clay,

grading to harder; drilling requires hard pull-dowWn.....ccveeeeeeeetcsarecasoannanns 58 80
Gravel, loose, small to coarse; losing circulation of drilling fluid.........cceveens 14 94
Shale, dark-gray, hard.......eeeeeeeneen.s s s e, P ¥ - 110

: Set 30-slot screen at 85-90 ft with 10 ft of tail pipe. Well produced

about 20 gal/min with compressed air; well water cleared quickly.
Site number: 0-32
Completed: July 23, 1987
Clay, silty; includes small q;avel and coarse sand; oxidized brown at 0-30 ft then

gray at 30-105 ft; possible sand layer at 65-70 ft......ceiieineeeeeeceeannnancanaas 105 105
Gravel, loose, mostly well-rounded; smaller gravel than in other holes nearby,

white clay stringers.................. Cedcemtescssetatsastatettsecnsetecanssnr s 17 122
Clay, gray, Very Sandy......ceeeeeerceescaacsacesccasanancns Ciseressesnnans ceeenenae . 10 132
Shale, black, Rard.........o..c... e, e, U 140

Remarks: Set 20-slot screen at 115-120 ft with saw cuts at 110-115 ft and 8 ft
of tail pipe.
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Table 15.--Lithologic logs of selected observation wells and test holes--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (ft)

Site pumber: 0-33
Completed: July 24, 1987

Clay, silty; includes small g;avel and coarse sand; oxidized brown at 0-42 ft then

gray at 42-83 ft; fine, gray sand at 50-70 ft....c.ceereesescncccsccannascnscnaanas 95 95
Gravel, lo0Se.....ceeiceencencssccsnnancnacans cheetesaesstescscsnesnst et oot s nennnoons 20 115
Clay, tight.......ccuvnes Lt et esesesessenananaeresesenas e censbes et ostesnnenenont 3 118
Gravel, lo0Se...iiiierecescercorncasnnacannas Ceesetcsectecciucsesnssassnansarnsrrereen 5 123
Shale, DLlack, DALA.s.ssenernenernenneneenennnn BRI P 135

Remarks: Set 20-slot screen at 110-120 ft.

Site pumber: 0-34
Completed: July 24, 1987

Clay, silty; includes small gravel and coarse sand; oxidized brown at 0-42 ft then

gray at 42-83 ft, few cobbles............... Crr et et et eannnnnn 83 83
Gravel, loose; losing circulation of drilling fluid......c.veiiiiieneeivenronnesanns 12 95
Clay, gray with blue tint, soft, very sandy.......cceeen. cetestasrecitastecrcscnsnennan 50 145
Judith Ri E fon:

Shale, soft; grading to harder........ Ctescaeanraseanenne Cteetestsesecnesartasansennan 5 150

Remarks: Set 20-slot screen at 90-95 ft with saw slots at 85-90 and 10 ft of tail
pipe.

Site number: 0-35
Completed: August 13, 1987

Alluvium:
Clay, silty, soft, sandy in parts; black at 0-5 ft, oxidized grayish-brown at

5-15 ft, gray at 15-55 ft; sandy and pebbly at 20-30 ft, siltier at 30-55 ft....... 55 55
Gravel, small to coarse; broken pieces, coarser at base........ ceeceieceneanesssnane 7 62
Ellis Group:

Shale, dark-gray, firm; drilling with pull-down, possible sandstone at 70-72 ft...... 10 72

Remarks: Set 30-slot screen at 57-62 ft with 10 ft of tail pipe. Well would not
produce water with compressed air; water level 3 ft above bottom of screen.

Site pumber: 0-41
Completed: July 25, 1987

Soil and clay, Medium-—brown. ...t ieieieneeecenssnssesasosescascccsasascasssannocannss 8 8
Gravel, loose..... PN feceetaenaaann ftecercenansaenn cettittesisessetcteasessannannne 13 21
Clay, medium=-brown, Soft.....cceerientecrsossnennascssncnnnnnnas ceseesssencsasnenannse 1 22
Gravel, sand, and clay, tight; need pull-down to drill.....iciiiricrennccsnncsonncens 7 29
Clay, soft, gray with brown layers; includes coarse sand.......c.ccececensvncaccananss 6 35
Gravel, sand, and clay, tight......... ceeesasesaenann Ceetesseaseciassecnscsnennnnnane 14 49
Gravel, looSe....iiereecrranenecennenss cetersenneneanns Ceesieseceassnesasccnannansane 6 55
Colorado Group:

Shale, black, hard....... cereresscesnanean fieestaressaersanan Crettectaescsrscsnsoenns 5 60

Remarks: Set 20-slot screen at 50-55 ft.
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Table 15.--Lithologic logs of selected observation wells and test holes--Continued

Thick- Bottom of
ness interval
pene- Dbelow land

trated surface

Description (ft) (fr)
Site number: 0-42
Completed: August 27, 1987
Alluvium:
Clay, dark-brown, silty, stiff, carbonaceous in parts.......ccieieeenennss ceeretceeae 10 10
Gravel and sand.......... fe et eer e en e ettt ea st Ceteessaeeaseeee s 1 11
Clay, brown, sSilty, SOft ...t iiuiieiteneneeeeeeeeeansessncnesascessssansonnscnnces 11 22
Gravel and sand, as above...... f e it et aeaecececies e aanetesec ittt aaacnan0anns e 1 23
Clay, brown, silty, SOft....ieiiiiiiiiniiiiiiiieieenneetaenaseeaeaonsansannssnnnns e 2 25
Gravel and sand, asS AbOVE. ...t iivieeeennceoeenacoeecsensannenonssnse cetestieens e 2 27
Clay, gray, stiff.....ccieeeecnnn Chteetececenceanane feeesreesesanaas Ceeieseraansanee 8 35
Gravel, loose, fine to coarse; broken, subangular cobbles in part.......ceveeeeecenns 19 54
Colorado Group:
Shale, firm; slow drilling......eeiereieeeeesosenoeesosnccansensesocansosnsonnsacennscs 2 56

Remarks: Set 20-slot screen at 44-54 ft. Well produced about 80 gal/min with
compressed air; well water cleared after developing 1.5 h.

Site pumber: 0-45
Completed: August 12, 1987
Clay, gr;y, SMOOEN .t ittt vecensensnencenacncanans Cesetacesscecresrsataantaanorasnanan 10 10
Gravel, fine to coarse, SUPANGUlAr ... .. it ettt oeeceesoenessosancnennasoaaeneannsanss 5 15
Clay, QLAY e eeteeeeeesosesenenasasaesenasesesasanosasasscasscssesssensnsnceceecnsassa 5 20
Sand, flne; NO FeLULNS. ...ttt inineeeeeeenneesoosaesssnasecasssensnasessncassanesnnss 5 25
Clay, brown grading to gray, soft, gritty......... P e e . 15 40
Gravel (as above)......cvvveveennn Cieeseeeteaees Ceeresiaeae e Ceieecaee e . 1 41
Clay, gray...... Ceeesaecaseeanans fiteeceret e C et et s et e acettaaaeanst e snanoas 4 45
Sand, fine; poor returns........eciceeevcesen f et eeeeaes e Ceseseacessanaaann ceesen 9 54
Gravel (as above).......ccvveen.e. Ce et eaesaes e, Ceereteiaeee et Ceeseaeaneen L] 58
Claggett Shale:
Shale, hard, black....ccivrivenernnnnn. Ceereseecaean et eiesee st et ieceees e 13 71
Remarks: Set 20-slot screen at 50-55 ft with saw cuts at 55-58 ft and 10 ft of

tail pipe. Well flowed barely at top of casing; produced about 30 gal/min with

compressed air.
Site pumber: 0-46
Completed: August 12, 1987
Alluvium:
Soil and clay; possible sand....... it ieennnnn feeriereereaensen f et tececceneeenean 40 40
Gravel, fine to coarse, subangular........... ettt caeceearetteet ettt e PP 1 41
Clay, gray...... Betheeeeeei et feteeesec e ceaeen Ce ettt sear e ceeeseen 12 53
Gravel, lo0SE....i.iiiieceeesoecnsnssnansncncanasacans Chetecsesaceseennaa feiceserasaaeaan ] 57
Claggett Shale:
Shale, black, hard......ciiiereernnennnn et e tees et Ceteeeeenas 3 60

Remarks: Set 20-slot screen at 50-60 ft.
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Table 15.-~Lithologic logs of selected observation wells and test holes--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (fr) (fr)

Site pumber: 0-48
Completed: August 12, 1987
Alluvium:
SOLl ANd Clay .. i eiieeeernstoeeanensoeeseeeoasesnssasosasoasssncens e e 25 25
SANA (2); NO FEEUIMS et v oneuooeaceeneenannseenneanseaneansseaseansaesennsass chsesnaees . 1 26
Clay, tight; need pull-down to drill........ccoveuun. C ettt ssesee ettt onn 15 41
Gravel, 1O0SE....ciieieneeereesneensessoaaccsessassoannssnncacsns Ceree e ceeeeae 3 44
Sand, gray, very fine; few thin clay layers; drills smooth, bit falls wlthout

Pull-down......eveiureenrennnnn e, 12 56
Gravel, loose......c.cuv.. Ceeeereean F it et e st e eiesaacs et ae et ctteaceaaeterenerenennens 4 60
Claggett Shale:
Shale, black, hard; need hard pull-down to drill.......ccitiitiuiueeencaeanereanonnnns 10 70
Remarks: Set 30-slot screen at 56-61 ft with 8 ft of tail pipe. Well produced

about 20 gal/min with compressed air; well water was clear.
Site pumber: O0-53
Completed: July 27, 1987
Alluvium:
Soil and clay, brown, soft, sticky at 0-20 ft; grading to gray and slightly harder

but still no grit at 30 ft; getting harder and darker at 60 ft.........ceveeeueennn 83 83
Gravel, lo0S€....ccvevecannense C e ettt eaaaeasec e e e e e et a et e s aa e aaan 6 89
Clay, grading to shale.....icu i iiiiiinieiieneeneeeaanonnnananenns Ctiececaiesesaenane 5 94
Shale, black, hard, tight ... ... iiiniiireriteieeneencececaecanaeansaneronens et aanes 14 108
Remarks: Set 20-slot screen at 84-89 ft with 8 ft of tail pipe.
Site pumber: O0-58
Completed: August 11, 1987
Soil and clay.e e eniniiieiiinnnenneen et eeteetaesea ettt ettt e a 5 5
Gravel, loose, small.......... feriaae e et ettt entcecnc et atteaceaeneeenetaneennn 8 13
Clay, gray, gritty; includes coarse sand and small gravel.........ciieuneernnrnnnneans 32 45
Gravel, loose, small, rounded to angular........ccceiivenennnnn c ot et et ecieecaertaaanon 7 52
Judith Ri E Con:
Shale, dark-gray, gritty, hard......... ettt eecceasee et ettt et et eaeanan 8 60
Remarks: Set 20-slot screen at 45-55 ft. Well produced about 50 gal/min with

compressed air.
Site pumber: O0-61
Completed: August 15, 1987
Glacial deposits:
Soil and clay, brown, hard, brittle, Gritty...u.ieeieeiienneetnneeeeoneoencesnnonenns .. 10 10
Gravel, sand, and clay, tight.......... ettt eeeee et et sttt eea et ene e 6 16
Clay . cieneeneeeeeneeaeeeeneansoaneeoannnnnns ettt ateee ettt ettt 24 40
Gravel, sand, and clay, tight; need pull-down to drlll' few large cobbles;

weathered rocks in returns, white clay as at well 0-2, small broken gravel pieces.. 30 70
Judith River Formation:
Shale, dark-gray, gritty; weathered on toOp.....vieitereneecnrocaecaneanens ceseersanas 10 80

Remarks: Set 20-slot screen at 60-65 ft with 10 ft of tail pipe. Well produced
about 1 gal/min with compressed air even after multiple backflushes; well water
would not clear.
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Table 15.--Lithologic logs of selected observation wells and test holes--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (fr)

Site number: 0-62
Completed: August 17, 1987
Gravel, loose; coarse sand to fine gravel, 10 percent angular, 40 percent

subrounded, and 50 percent rouUnded......ceceseecccoessceranssasnsarseansscasosansanns 31 31
Clay and gravel; alternating thin layers, gravel loose, hole caving during drilling.. 19 50
Gravel, sand, and clay, tight; includes clay lenses; need pull-down to drill......... 8 58
Gravel, sand, and clay lenses; drilled soft, gravel minor (20 percent), clay

contains very coarse sandy, grading to minor quantities of gravel; clay sticky at

110-120 ft, hole StaAYS OPeN...crereereencesossossssssssanssoasssscsassnsossssonnsns 65 123
Colluvium:
Gravel, sand, and clay, very tight; includes abundant white clay; need hard

pull-down to drill; drilling chatter, broken pieces.......cccceetrsnnceroccnnonnces 8 131
Shale, dark-gray, hard:.. ..... ceeaenan ceasaasesssacuassmseeseseansessecccarsetssonnns 9 140
Remarks: Set 20-slot screen at 58-63 ft with 10 ft of tail pipe and packer

installed below wash-down valve. Well produced about 8-10 gal/min with

compressed air; well water was clear.
Site number: O0-63
Completed: August 17, 1987
Soil and clay, light < oo 1 3 3
Gravel, sand, and clay; angular, iron-stained rock chips; need pull-down to drill.... 17 20
Sand and gravel, loose; minor quantity o0f Clay.....ciieeeeieenroennnseeeaonenscnannns 12 32
Gravel, sand, and clay (as above), grading harder at 55 ft.......... ceeseseseaasenans 28 60
Gravel, sand, and clay, very hard, abundant white clay; drilling chatter; need very

hard pull-down to drill; mud is dark yellowish brown at 100 ft..........cceeeeeennn 44 104
Clay, gray, medium soft; includes coarse sand and small pebbles......... ceeeaann - 14 118
Gravel, lO00SE.....cceeeenssessesuscasonascnosssssnscsssessssssnsssesosssnsssscsnsnaavesss . 4 122
Judith River Formation:
Shale; weathered sandstone(?) at 122-127 ft; grading to hard brittle bluish-gray

sandstone at 127-142 ft; extremely hard drilling, some clay or shale in sandstone.. 20 142
Remarks: Set 30-slot screen at 118-123 ft with 10 ft of tail pipe; developed with

compressed air for 2 h. Well took about 30 gal/min from water truck but only

produced 1-2 gal/min with compressed air.
Site number: 0-64
Completed: August 27, 1987
Soil, saéd...................... ..... PP ceeeaanan heereeraenonn Ceeercans cenessnne 5 5
Clay, brown, soft, Sticky....cvieeeeenerencacssonnnses Cestereecatasescascessenearnoons 14 19
Gravel, loose, small, subangular to subrounded..........ctieecntcveacasarasannnsasncs 7 26
Clay.ceeeaeeesseneseasnsnasssenncannns Ceeeeetaaienceieaab et aannn Ceetieasesessenneoan 2 28
Gravel, loose (as above) .....cieeeeennrcnncnnns cereaes cesereetesaannns [P cseraseen 2 30
Clay (as above)......ccvvvvnenn. [P Ceeeenae ceeresreeaeen cteneariteeseannn ceeeenee 2 32
Gravel, sand, and clay; tighter; abundant white clay.....ccievuneecncncsasncnnsascons 8 40
Gravel, 100Se (@S aAbOVe) ...ttt iiineeenenncseeacacaceasosecesaseassesssesanacsnscnncesa 3 43
[0 - ceeenen heeseaeenas fhteesecnascacastacanens 1 44
Gravel, loose (as above) ...iceiiiirinnnetensncsacncanns ceeeaan Ceeeesenscescrteansannn 8 52
Colorado Group:
Shale, very silty, medium-bluish-gray; need maximum pull-down to drill.............. 18 70

: Set screen at 47-52 ft with 10 ft of tail pipe. Well produced about
25 gal/min with compressed air; well water was clear.
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Table 15.--Lithologic logs of selected observation wells and test holes--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (ft)

Site pumber: 0-65
Completed: August 26, 1987

Soil, cléy, dark-gray; appears similar to shale........ciiieereececnnccrnccnscancccnss

9 9

Gravel, 100SE@....vieeeeesocssnsaessassncesasanssssssoassssassnassessssssonsssnsssssases 1 10
Clay, brown, sticky....eeveeenn. Ceeseribsasennseeanas ceteeasennenn Ceseeciessssaansnnan 5 15
Gravel, sand, and clay......... Cieeesecsanseanaan C et eeseaaasanseassansstesorean st 4 19
Gravel, loose, large, very angular pileces.........citeeiiincasccsccncssscccacancnnnas 5 24
Bearpaw Shale:
Shale, dark-gray........... Ceiesaeaaenne esesecnses cresesasnsssescnnna ceesevesnacennae 16 40
Remarks: Set 20-slot screen at 18.5-23.5 ft with 10 ft of tail pipe. Well

produced about 2 gal/min with compressed air; well water was fairly clear.
Site number: 0-66
Completed: August 26, 1987
SOL), Clay.eeueneneeneneneeeeneneneecasenennanns 9 9
Gravel, sand, loose, subangular to subrounded................ S ssassussaasassmn=ssun=e 4 13
Bearpaw Shale:
Shale, medium-gray, soft; drills easily, smooth; layer of bentonite 30-35 ft..... e 47 €0
Remarks: Set screen at 9-14 ft with 3 ft of tail pipe and packer installed below

wash-down-valve; well produced about 1-2 gal/min with compressed air; well water

would not clear.
Site number: T-14
Completed: August 13, 1987
Alluyium:
Clay, silty, soft; dark-brown at 0-5 ft, mottled gray-brown at 5-15 ft.............. 15 15
Gravel and sand, loose; interbedded with gray silty clay, gravel fine to coarse,

broken pileces.......iiiiiiiiiiiiiineiann Ceaaseans chseeanne Ceesesnanse tecsssmsnae e 8 23
Ellis Group:
Shale, dark-gray, hard, tight...... tt e reancacassenassonannnen ceeenan cereenreaens P 17 40
Remarks: Back-filled hole with cuttings and bentonite.
Site pumber: T-27
Completed: August 16, 1987
Glacial deposits:
Gravel, sand, and clay; soft sand at 70-73 ft, boulder gravel at 106-109 ft.......... 115 115
SNALE wvsesnonnennnsnnn e e e, s - 120

Remarks: Back-filled hole with cuttings and bentonite.
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Table 15.--Lithologic logs of selected observation wells and test holes--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (fr)

Site number: T-28
Completed: August 15, 1987
Gravel, sand, ané clay; appears similar to till in nearby cutbank................... 87 87
Clay, gray, tight, no pebbles.....c.iiiiiiiiiiiiiniceinoneecnseceaasocnncnansonas e 11 98
Gravel, sand, and clay, very tight; need pull- down to drill ......................... 6 104
Judith River Formation:
Shale; weathered at top grading to dark-gray, hard, and gritty.......cccveeeecnnn... 16 120
Remarks: Back-filled hole with cuttings and bentonite.
Site number: T-29
Completed: August 15, 1987
Alluvium and glacial deposits:
SO1]l ANA ClayY teveenrnnenrossonsoncnaenssneanssonsassasaeseeaseeseoesseeaeonnasnnnsnn 3 3
Gravel, lo0Se. ...ttt ittt snnnans C et e ia s ccnesaenan s et as e 7 10
Clay, gray; includes coarse sand and fine gravel; gets hard at 15-20 ft need hard

pull=down to drill....uiieinieeiiieieeneeeneeneeecnecnecnacessnnonasnasaacnsanannns 30 40
Gravel, sand, and clay, loose at 41-42 ft; tight, need hard pull-down to drill...... 23 63
Judith River Formation:
Shale, gray, hard, tight, gritty... ...ttt iietsnenneeeenescooaancsonnannsnoaansas 2 65
Remarks: Back-filled hole with cuttings and bentonite.
Site pumber: T-30
Completed: August 15, 1987
Glacial deposits:
Gravel, sand, and clay; rocky zones at 7-13 ft, 23-26 ft, and others; brown clay

matrix at 0-75 ft and gray at 75-91 ft. ... ..ttt ittt tniaanaanas e 91 91
Gravel, sand, and clay; similar to above but very hard and tlght need hard

pull-down to drill.....ieiiiiinnnneeennennenns Ceeaans ottt eecete sttt e 32 123
Judith River Formation:
Shale......... [P Y 17 140
Remarks: Back~filled hole with cuttings and bentonite.
Site pumber: T-31
Completed: August 16, 1987
Gravel, sand, and clay; mostly sandy clay with few gravel layers; brown at 0-75 ft

and gray at 75-110 ft; gray clay is similar to shale bedrock but is softer and

includes small pebbles.......... ... [ [P et e e et 110 110
Shale, gritty, sandy; same color as overlying deposits but harder with no pebbles;

hard sandstone(?) ledges at 152-153 ft, 161-162 ft, 176-177 ft....cveiiiieeneenans 80 190

Remarks: Back-filled hole with cuttings and bentonite.
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Table 15.--Lithologic logs of selected observation wells and test holes--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (ft)

Site pumber: T-33
Completed: August 29, 1987
Glacial deposits:
Soil and clay, brown, Light.....ciciiiinieneseuerncoeenoncssssoscosasnassnsensecnsanscenns 10 10
Gravel, sand, and clay, tight....cu ittt ieinnoeesensoaseansscscnesnsssseasocncenns 5 15
Clay, light-gray-brown, includes coarse sand and pebbles, few cobbles, medium-gray

sandy at 40-94 ft; drilling smooth, clay sticky.....civivunnrnnnnnn TN 79 94
Gravel, sand, and clay, gravel small and angular, abundant whlte clay; need

pull-down to drill.. ... isieieeeneeseenoasesesasnsesassasoeseassconsnssansnsssacssa 8 102
Clay, gray, SOft ... cuieeieeeeeieeeenneoaesoennsnasancsnsaenoconscans fereeesessesaanenn 11 113
Shale, medium-gray; similar to clay above but harder and more brittle without

pebbles............... ceeaee e s cassessscsnssissssssencesesscncs feeeressenaseenneann 17 130
Remarks: Back-filled hole with cuttings and bentonite.
Site pumber: T-34
Completed: August 29, 1987
Glacial deposits:
Soil and clay, minor small gravel; brown at 0-50 ft and gray below 50 ft; very

sandy with pebbles and few rocks; extremely hard gneiss or quartzite boulder

at 63-64.5 ft, ruined drill bit, very slow penetration with new bit................ 72 72
Gravel, sand, and clay, tight...c. it it iieiiiiiniinneieennceennsanasasnsseansnnns 4 76
Clay, gray (as above) but gravel slightly smaller.................. C e teeceises e 39 115
Judith Ri F Con:
Shale, dark-gray, tight.............. e eaee e Cheeaceeean Seeeescsevececasntstnannn 5 120
Remarks: Back-filled hole with cuttings and bentonite.
Site pumber: T-35
Completed: August 29, 1987
Gravel, sand, and clay, varying quantities of small angular gravel...........coveucnun 45 45
Clay, brown, with pebbles.. ...ttt iiiiirieiiinercannnconnnes e reeer e 10 55
Gravel, sand, and clay, almost loose at places........cevvuennn Ceceeereaceceec s 10 65
Clay, gray, with sand and pebbles; losing clrculatlon of drilling fluid.....cievuvueenn 51 116
Gravel, sand, and clay, tight; need pull-down to drill, poor returns..... feseeeenasan 14 130
1S T 0 2 132

Remarks: Back-filled hole with cuttings and bentonite.
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Table 16.--Records of water levels in monitoring wells

[Water level--in feet below or above (+) land surface. MS, conditions of measurement.
First column (M) is method of measurement--S, steel tape; V, calibrated electric tape.

Second column (S) is site status--D, dry]

Site 0-2
WATER WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE LEVEL
AUG 26, 1987 45.17 S FEB 11, 1988 45.88 S JUN 01, 1988 44.88 S NOV 03, 1988  48.42
SEP 24 46.39 S MAR 02 46.77 S JUuL 07 44.93 S DEC 14 47.37
NOV 05 47.10 s APR 06 47.47 s AUG 10 47.22 S JAN 11, 1989  48.24
DEC 04 47.42 s MAY 04 45.23 s SEP 07 47.80 S FEB 22 46.51
JAN 13, 1988 47.05 S 05 45.20 s OCT 05 48.33 S MAR 29 47.37
HIGHEST 44.88 JUN 01, 1988
LOWEST 48.42 NOV 03, 1988
Site 0-9
WATER WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE LEVEL
AUG 26, 1987 12.79 S JAN 13, 1988 15.13 S JUN 24, 1988 13.38 S DEC 14, 1988 16.18
SEP 24 13.76 S FEB 11 15.23 s JUL 07 14.01 S JAN 11, 1989 16.24
ocT 17 14.26 S MAR 03 15.10 § AUG 10 15.23 S FEB 22 16.34
NOV 05 14.45 s APR 06 15.11 § SEP 07 15.89 S MAR 29 15.68
18 14.57 s MAY 04 15.44 s OoCT 05 15.98 S
DEC 04 14.68 S JUN 01 13.50 § NOV 03 16.04 S
HIGHEST 12.79 AUG 26, 1987
LOWEST 16.34 FEB 22, 1989
Site 0-10
WATER WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE LEVEL
AUG 26, 1987 20.05 S FEB 11, 1988 19.50 S JUL 07, 1988 20.05 S DEC 14, 1988 20.11
SEP 24 19.92 s MAR 02 18.94 s AUG 10 20.43 S JAN 11, 1989 19.97
NOV 05 19.90 s APR 06 19.27 s SEP 07 20.63 S FEB 22 20.08
DEC 04 20.08 S MAY 05 19.70 S OCT 05 20.41 S MAR 29 19.38
JAN 13, 1988 19.78 S JUN 01 19.33 s NOV 03 20.17 S
HIGHEST 18.94 MAR 02, 1988
LOWEST 20.63 SEP 07, 1988
Site Q-13
WATER WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE LEVEL
AUG 28, 1987 19.10 S JAN 13, 1988 22.28 S JUN 01, 1988 18.94 S NOV 03, 1988  21.94
SEP 24 20.67 S FEB 11, 22.06 S JUN 28 19.66 S DEC 14 22.02
oCT 19 21.32 s MAR 03 22.00 S JUL 07 19.38 S JAN 11, 1989 22.13
NOV 05 21.61 S APR 06 21.71 S AUG 10 20.52 S FEB 22 22.22
DEC 04 21.97 s MAY 05 21.08 S SEP 07 21.36 S MAR 29 21.96
HIGHEST 18.94 JUN 01, 1988
LOWEST 22.28 JAN 13, 1988
Site 0-16
WATER WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE LEVEL
AUG 27, 1987 4.08 S FEB 11, 1988 4.62 s JUN 21, 1988 5.14 S NOV 03, 1988 5.42
SEP 24 4.35 S MAR 03 4.85 S Jus 07 5.20 S DEC 14 5.42
NOV 05 4.54 s APR 06 4.92 s AUG 10 5.49 S JAN 11, 1989 5.23
DEC 04 4.68 S MAY 05 5.25 S SEP 07 5.68 S FEB 22 4.75
JAN 13, 1988 4.69 S JUN 01 5.79 S ocT 05 5.50 S MAR 29 4.77
HIGHEST 4.08 AUG 27, 1987
LOWEST 5.79 JUN 01, 1988
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Table 16.--Records of water levels in monitoring wells--Continued

Site 0-17
WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE
AUG 27, 1987 15.95 S JAN 13, 1988 15.78 S MAY 05, 1988 15.92 S OCT 05, 1988
SEP 24 15.97 S FEB 10 15.83 S JUN 01 15.77 S
NOV 05 15.86 S MAR 02 15.86 S AUG 10 16.50 S
DEC 04 15.77 S APR 06 15.87 S SEP 07 16.62 S
HIGHEST 15.77 DEC 04, 1987 JUN 01, 1988
LOWEST 16.62 SEP 07, 1988
Site 0-18
WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE
AUG 27, 1987 7.17 s JAN 13, 1988 6.27 S MAY 05, 1988 6.91 S SEP 07, 1988
SEP 24 7.11 8 FEB 10 6.10 s JUN 01 7.11 8 OCT 05
NOV 05 6.67 S MAR 02 5.85 S JUL 07 7.78 S Nov 03
DEC 04 €.56 S APR 06 6.52 S AUG 10 8.39 S DEC 14
HIGHEST 5.85 MAR 02, 1988
LOWEST 8.50 SEP 07, 1988
Site 0-19
WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE
AUG 27, 1987 7.22 8 FEB 11, 1988 7.05 s JUL 07, 1988 7.84 5 DEC 14, 1988
SEP 14 8.29 S MAR® 03 7.01 V AUG 10 7.93 8 JAN 11, 1989
24 7.26 S APR 06 7.05 s SEP 07 7.96 S FEB 22
DEC 04 7.17 8 MAY 05 7.16 s OCT 15 7.73 8 MAR 29
JAN 14, 1988 7.08 V JUN 01 7.25 s NOV 03 7.64 S
HIGHEST 7.01 MAR 03 1988
LOWEST 8.29 SEP 14, 1987
Site 0-22
WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE
AUG 26, 1987 3.88 S FEB 11, 1988 3.77 S JUN 21, 1988 3.92 S Nov 03, 1988
SEP 14 3.93 8 MAR 03 3.76 S JUL 07 4.32 s DEC 14
NOV 05 3.92 8 APR 06 3.79 s AUG 10 4.29 S JAN 11, 1989
DEC 04 3.93 8 MAY 05 3.85 s SEP 07 4.26 S FEB 22
JAN 14, 1988 3.81 S JUN 01 4.01 s oCT 05 4.15 s MAR 29
HIGHEST 3.76 MAR 03, 1988
LOWEST 4.32 JuL 07, 1988
Site 0-25
WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE
AUG 26, 1987 16.08 S FEB 11, 1988 15.54 S JUuL 07, 1988 15.85 S DEC 14, 1988
SEP 14 16.13 § MAR 03 15.53 s AUG 10 16.11 s JAN 11, 1989
24 16.14 S APR 06 15.49 s SEP 07 16.28 S FEB 22
DEC 04 15.73 S MAY 05 15.39 s OCT 05 16.14 S MAR 29
JAN 14, 1988 15.54 S JUN 01 15.38 § Nov 03 15.33 S
HIGHEST 14.69 FEB 22, 1989
LOWEST 16.28 SEP 07, 1988
Site 0-26
WATER WATER WATER
DATE LEVEL MS DATE LEVEL MS DATE LEVEL MS DATE
AUG 28, 1987 14.27 S FEB 11, 1988 13.90 S JUL 07, 1988 14.75 S JAN 11, 1989
SEP 14 14.32 s MAR 03 13.92 S AUG 10 14.67 S FEB 22
24 14.29 S APR 06 13.94 S SEP 06 14.55 S MAR 29
Nov 05 14.15 s MAY 05 13.98 S oCT 05 14.41 S
DEC 04 14.09 S JUN 01 14.30 S NOV 03 14.35 s
JAN 14, 1988 13.93 S 21 14.47 s DEC 14 14.43 S

HIGHEST 13.90 FEB 11, 1988
LOWEST 14.75 JUL 07, 1988
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Site 0-27
WATER
DATE LEVEL
AUG 27, 1987 16.78
SEP 24 17.91
NOV 05 17.82
DEC 04 17.74
JAN 14, 1988 17.63
HIGHEST 16.78 AUG
LOWEST 17.91 SEP
Site 0-29
WATER
DATE LEVEL
AUG 27, 1987 22.64
SEP 24 22.47
NOV 05 22.46
DEC 04 22.49
JAN 14, 1988  22.45
HIGHEST 22.38 NOV
LOWEST 23.02 APR
Site 0-30
WATER
DATE LEVEL
AUG 27, 1987 8.43
SEP 24 8.38
NOV 05 8.29
DEC 04 8.27
JAN 13, 1988 8.15
HIGHEST 7.99 MAR
LOWEST 8.88 SEP
Site 0-33
WATER
DATE LEVEL
AUG 27, 1987 4.62
SEP 11 4.66
24 4.68
NOV 05 4.45
DEC 04 4.42
HIGHEST 4.25 JUL
LOWEST 4.68 SEP
Site 0-34
WATER
DATE LEVEL
AUG 27, 1987  37.67
SEP 11 38.18
24 37.97
JAN 14, 1988  37.97
FEB 11 37.73
HIGHEST 37.67 AUG
LOWEST 38.18 SEP
Site 0-39
WATER
DATE LEVEL
AUG 29, 1987  37.50
SEP 25 37.50
NOV 05
DEC 03
JAN 13, 1988
HIGHEST 37.50 SEP
LOWEST 37.50 SEP

Table 16.--Records of water levels

MS
s FEB
s MAR
s APR
s MAY
s JUN
27, 1987
24, 1987
Ms

s FEB
s MAR
s APR
s MAY
S JUN
03, 1988
06, 1988
MS

s FEB
s MAR
s APR
s MAY
s JUN
02, 1988
06, 1988
MS

s JAN
s FEB
s MAR
s APR
s MAY
07, 1988
24, 1987
MS

s MAR
s APR
s MAY
s JUN
s JUL
27, 1987
11, 1987
MS

s FEB
s MAR
SD APR
SD MAY
SD JUN
25, 1987
25, 1987

WATER
DATE LEVEL
11, 1988 17.59
03 17.60
06 17.60
05 17.42
02 17.66
WATER
DATE LEVEL
11, 1988 22.42
03 22.40
06 23.02
05 22.54
02 22.49
WATER
DATE LEVEL
11, 1988 8.01
02 7.99
06 8.16
05 8.30
02 8.33
WATER
DATE LEVEL
14, 1988 4.42
11 4.62
02 4.32
06 4.35
05 4.35
WATER
DATE LEVEL
02, 1988  38.03
06 38.00
05 38.01
02 38.02
07 38.05
WATER
DATE LEVEL
10, 1988
02
05
04
01
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Ms

sD
sD
SD
sD
SD

JUN
JUL
AUG
SEP
OCT

JUL
AUG
SEP
oCT
NOV

JUL
AUG
SEP
oCT
NOV

JUN

in monitoring wells--Continued

DATE

21,
07
10
06
05

1988

DATE

07,
10
07
05
03

1988

DATE

07,
10
06
05
03

1988

DATE

02, 1988

JUL 07

AUG
SEP
oCT

AUG
SEP
OCT
NOV
DEC

JUL
AUG
SEP
oCT
NOV

10
06
05

DATE

10,
06
05
03
14

1988

DATE

07, 1988
09

07

04
03

WATER
LEVEL

17.70
17.74
17.78
17.74
17.74

WATER
LEVEL

22.54
22.61
22.75
22.61
22.38

WATER
LEVEL

8.50
8.74
8.88
8.77
8.60

WATER
LEVEL

4.28
4.25
4.53
4.56
4.54

WATER
LEVEL

38.12
38.13
38.13
38.05
38.12

WATER
LEVEL
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Ms
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NOV
DEC
JAN
FEB

DEC
JAN
FEB
MAR

DEC
FEB
MAR

NOV
DEC
FEB
MAR

FEB
MAR

DEC
JAN
FEB
MAR

DATE
03, 1988
18
11,
22
30

1989

DATE

1988
1989

14,
11,
22
30

DATE

1988
1989

14,
22,
29

DATE
03, 1988
14
22,
29

1989

DATE

22, 1989

29

DATE

1988
1989

14,
10,
22
30

WATER
LEVEL

17.66
17.71
17.58
17.56
17.52

WATER
LEVEL

22.51
22.41
22.51
22.43

WATER
LEVEL

8.53
8.26
8.11

WATER
LEVEL

4.49
4.47
4.32
4.26

WATER
LEVEL

37.97
37.90

WATER
LEVEL
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Ms

MS
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sD
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Site 0-42

DATE

AUG 29,
SEP 25
NOV 05

18
DEC 03
JAN 13,

1987

1988

HIGHEST 16
LOWEST 50

Site 0-44

DATE

AUG
SEP
NOV 05
DEC 03
JAN 13,

29, 1987
25

1988

HIGHEST 9
LOWEST 25

Site 0-45

DATE

AUG 28,
SEP 25
NOV 05
DEC 03
JAN 13,

1987

1988
HIGHEST +2
LOWEST +

Site Q-50

DATE

AUG 28,
SEP 25
DEC 03
MAR 02,

1987

1988
HIGHEST
LOWEST 2

Site 0-31

DATE

AUG 28,
SEP 25
NOV 05
DEC 03

1987

HIGHEST +6
LOWEST +2

Site 0-52

DATE
AUG 28, 1987
SEP 25
NOV 05
DEC 03
JAN 13, 1988
HIGHEST 9
LOWEST 13

WATER
LEVEL

16.54
20.55
27.45
29.88
32.49
39.11

.54 AUG
.03 FEB

WATER
LEVEL

9.59
10.36
11.30
12.19
13.98

.59 AUG
.22 MAR

WATER
LEVEL

+2.50
+2.36
+2.79
+2.80
+2.50

.80 DEC
.92 SEP

WATER
LEVEL

1.24
1.29
.99
.89

.79
.42

APR
MAR

WATER
LEVEL

+2.40
+2.82
+2.94
+3.00

.79 JUN
.40 AUG

WATER
LEVEL

10.63
10.62
10.59
10.58

9.24

.24 JAN
.37 OCT

Table 16.--Records of water levels in monitoring wells--Continued

MS

s FEB
s MAR
s APR
S MAY
s JUN
S

29, 1987
22, 1989
MS

s FEB
s MAR
s APR
s MAY
s JUN
29, 1987
30, 1989
MS

s FEB
s MAR
s APR
s MAY
s JUN
03, 1987
07, 1988
MS

s APR
s MAY
s JUN
s JUL
05, 1988
30, 1989
MS

s JAN
s FEB
s MAR
s APR
01, 1988
28, 1987
MsS

s FEB
s MAR
s APR
s MAY
s JUN
13, 1988
04, 1988

DATE
10, 1988
02
05
04
01
27

DATE
10, 1988
02

05
04
01

DATE

10, 1988
02
05
04
01

DATE
05, 1988
04
01
07

DATE
13, 1988
10
02
05

DATE
10, 1988
02
05
04
01

WATER
LEVEL

42.41
44.34
46.47
47.54
40.28
39.61

WATER
LEVEL

15.21
15.94
17.29
18.46
16.48

WATER
LEVEL

+2.52
+2.68
+2.67
+2.40
+2.35

WATER
LEVEL

.79
1.07
1.24
1.70

WATER
LEVEL

+5.05
+6.10
+6.36
+6.56

WATER
LEVEL

10.96
10.88
10.94
10.97
11.13

nunnn nunnn nnnnn nunnnn nnnnnn

nnnnn

JUL
AUG
SEP
OCT
NOV
DEC

JUL
AUG
SEP
oCT
NOV

JUL
AUG
SEP
oCT
NOV

AUG
SEP
ocT
NOV

MAY
JUN
JUL
AUG

JUL
AUG
SEP
oCT
NOV

DATE
07, 1988
09
07
04
04
14

DATE
07, 1988
09

07
04
04

DATE
07, 1988
09
07
04
03

DATE
09, 1988
07
04
03

DATE
04, 1988
01
07
09

DATE
07, 1988
09
07
04
03

WATER
LEVEL

38.82
40.46
43.65
47.05
49.04
49.68

WATER
LEVEL

17.72
18.23
18.80
19.40
20.39

WATER
LEVEL

+1.60
+1.27

+.92
+1.34
+1.72

WATER
LEVEL

1.96
2.10
1.77
1.54

WATER
LEVEL

+6.59
+6.79
+6.38
+5.96

WATER
LEVEL

11.70
12.61
13.28
13.37
13.30

nhunnnn nnunnn nhnnnnn

nunnn nununn

nhnunnnn

JAN
FEB
MAR

DEC
JAN
FEB
MAR

DEC
JAN
FEB
MAR

MAR

SEP
oCT
NOV
MAR

DEC
JAN
FEB
MAR

DATE

10, 1989
22

30

DATE

1988
1989

14,
10,
22
30

DATE

1988
1989

14,
10,
22
30

DATE

30, 1989

DATE

07, 1988

1989

DATE

1988
1989

14,
12,
22
30

WATER
LEVEL

49.86
50.03
49.75

WATER
LEVEL

22.01
23.09
24,65
25.22

WATER
LEVEL

+1.64
+1.42
+1.32
+1.67

WATER
LEVEL

2.42

WATER
LEVEL

+5.54
+5.53
+5.42
+5.79

WATER
LEVEL

12.83
11.98
11.85
11.53

Ms

nnnn

“nnnnn

nnnnn

MS

nunnn

nunn



Site 0-33
WATER
DATE LEVEL
AUG 28, 1987 29.10
SEP 25 29.36
FEB 10, 1988 28.58
MAR 02 28.36
HIGHEST 27.77 JUN
LOWEST 29.36 SEP
Site Q-24
WATER
DATE LEVEL
AUG 29, 1987 8.98
SEP 25 6.81
NOV 05 6.28
DEC 03 6.24
JAN 13, 1988 6.54
HIGHEST 6.24 DEC
LOWEST 16.73 JUuL
Site 0-38
WATER
DATE LEVEL
aUG 29, 1987 15.11
OCT 16 14.86
NOV 05 14.95
DEC 03 14.67
JAN 13, 1988 14.48
HIGHEST 14.29 FEB
LOWEST 15.22 DEC
Site 0-60
WATER
DATE LEVEL
AUG 29, 1987 15.67
SEP 25 15.67
OCT 16 15.68
DEC 04 15.69
HIGHEST 15.64 MAR
LOWEST 17.98 SEP
Site O-61
WATER
DATE LEVEL
AUG 29, 1987 62.85
SEP 25 64.55
NOV 05 64.75
DEC 04 63.78
HIGHEST 62.85 AUG
LOWEST 68.80 MAR
Site 0-62
WATER
DATE LEVEL
AUG 29, 1987 22.55
SEP 26 22.79
NOV 05 23.14
HIGHEST 22.55 AUG
LOWEST 24.90 AUG

01,
25,

nnnnn

03,
07,

nunnnn

10,
14,

Ms

S
S
s
S

02,
07,

MS

s
S
S
S

29,
30,

MS

S
S
S

29,
09,

Table 16.--Records of water levels in monitoring wells--Continued

APR
MAY
JUN
JUL

1988
1987

FEB
MAR
APR
MAY
JUN

1987
1988

FEB
MAR
APR
MAY
JUN

1988
1988

FEB
MAR
APR
MAY

1988
1988

JAN
FEB
MAR
APR

1987
1989

DEC
JAN
FEB

1987
1988

DATE

05,
04
0l
07

1988

DATE

10,
02
05
04
01

1988

DATE

10,
02
05
04
01

1988

DATE

10,
02
05
04

1988

DATE

13,
10
02
05

1988

DATE

1987
1988

03,
13,
10

WATER
LEVEL

28.08
27.94
27.77
27.97

WATER
LEVEL

6.76
6.65
6.81
7.24
7.14

WATER
LEVEL

14.29
14.35
14.54
14.65
14.67

WATER
LEVEL

15.67
15.64
15.78
15.83

WATER
LEVEL

64.48
64.76
64.79
64.30

WATER
LEVEL

23.36
23.66
23.88

nunnun

nnunnn

nunnunn

nunnun

nunnn

Ms
S

S
S

76

AUG
SEP
oCT
NOV

JUL
AUG
SEP
oCT
NOV

JUL
AUG
SEP
OCT
NOV

JUN
JUL
AUG
SEP

MAY

JUL
AUG

MAR
APR
MAY

DATE

09,
07
04
03

1988

DATE
07, 1988
09
07
04
03

DATE
07, 1988
09
07
04
04

DATE
01, 1988
07
09
07

DATE
04, 1988
01
07
09

DATE
02, 1988
05
04

WATER
LEVEL MS

28.74
28.94
28.84
28.78

nunnn

WATER
LEVEL

16.73
13.32
9.54
8.18
7.95

nnunnn

WATER
LEVEL

14.88
15.08
15.18
15.21
15.18

nNnunnnn

WATER
LEVEL Ms

15.89
16.70
17.58
17.98

nunnn

WATER
LEVEL MS

63.76
64.55
64.76
€64.75

WATER
LEVEL Ms

23.99 s
24.20 s
24.34 S

DEC
JAN
FEB
MAR

DEC
JAN
FEB
MAR

DEC
MAR

oCT
NOV
DEC
MAR

SEP
oCT
MAR

JUN
JUL
AUG

DATE

14,
12,
22
30

1988
1989

DATE

1988
1989

14,
10,
22
30

DATE

1988
1989

14,
30,

DATE
04, 1988
03
14

30, 1989

DATE
07, 1988
04

30, 1989

DATE
01, 1988
07
09

WATER
LEVEL MS

29.08
28.99
28.74
28.58

nnnn

WATER
LEVEL Ms

8.03
7.90
8.05
7.53

nunnn

WATER
LEVEL Ms

15.22 s
14.86 s

WATER
LEVEL Ms

17.95
17.86
17.87
16.28

nununn

WATER
LEVEL Ms

64.74
65.10
68.80

nunn

WATER
LEVEL MS

24.47 s
24.68 S
24.90 s



Site 0-63
WATER
DATE LEVEL
AUG 29, 1987 91.99
SEP 26 91.41
Nov 05 91.90
HIGHEST 91.41 SEP
LOWEST 99.00 AUG
Site 0-64
WATER
DATE LEVEL
AUG 30, 1987 5.03
HIGHEST 5.03 AUG
LOWEST 6.81 APR
Site 0-63
WATER
DATE LEVEL
AUG 30, 1987 12.71
HIGHEST 12.71 AUG
LOWEST 17.60 SEP

MsS

26,
09,

MS

30,
06,

MS

30,
08,

Table 16.--Records of water levels in monitoring wells--Continued

DATE

1987
1988

DEC 03,
JAN 13,
FEB 10

1987
1988

DATE
JAN 13, 1988

1987
1988

DATE
JAN 13, 1988

1987
1988

WATER
LEVEL Ms

92.23
93.29
95.14

non

WATER
LEVEL MS

6.33 S

WATER
LEVEL Ms

13.92 s

DATE

MAR 02, 1988

APR 05
MAY 04

DATE

APR 06, 1988

DATE

APR 06, 1988

WATER
LEVEL Ms

94.44
95.50
96.27

nunn

LEVEL MS

WATER
LEVEL Ms

15.19 s

JUN
JUL
AUG

SEP

SEP

DATE

01, 1988

07
09

DATE

08, 1988

DATE

08, 1988

WATER
LEVEL MS

97.15
98.18
99.00

nwn

WATER
LEVEL MS

6.61 S

WATER
LEVEL Ms

17.60 S
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and Ellis Group.

Table 17.--Physical properties and major-ion concentrations of ground water and streamflow

[Analyses by Montana Bureau of Mines and Geology in accordance with methods defined by

Skougstad and others (1979).
Judith River Formation; Kcl, Upper Cretaceous Claggett Shale; Ke,

Ke, Upper and Lower Cretaceous Colorado Group; KJke,
Depth of well, total:

Geologic unit:

Qvf, Quaternary valley fill; Kjr,

in feet below land surface.

Upper Cretaceous
Upper Cretaceous Eagle Sandstone;
Lower Cretaceous to Middle Jurassic Kootenai Formation
Bicarbonate and carbonate were

determined by fixed endpoint titration (fet) in the laboratory (lab) or by incremental titration (it) onsite

(fl1d). Abbreviations: °C, degrees Celsius; uS/cm, microsiemens per centimeter at 25 °C; mg/L, milligrams per
liter. Symbols: less than; --, no data or not applicable; ND, not detected]
Onsite Solids,
spe- Hard- sum of Cal- Magne-
Depth Tem- cifie Onsite ness, Alka- constit- cium, sium,
of pera- con- pH Oxygen, total 1linity uents, dis- dis-
Geo- well, ture, duct- (stand- dis- (mg/L (mg/L dis- solved solved
Site logic total water ance ard solved as as solved (mg/L (mg/L
number unit (feet) Date (°C) (nS/cm) units) (mg/L) CaCOJ) CaCO3) (mg/L) as Ca) as Mg)
Ground-water sites
B-1 KJke 226 10-03-88 9.5 710 - - 370 - 428 82 39
B-2 Ke 174 10-03-88 10.0 1,850 - - 22 - 1,170 5.2 2.2
B-3 Ke 144 10-02-88 - - - - 350 - 416 64 47
B-4 Ke 224 10-01-88 10.5 1,060 -- - 490 - 706 93 62
B-5 Ke 375 10-01-88 10.5 1,340 - - 90 - 865 16 12
B-6 Ke 303 10-03-88 10.0 775 - -- 350 - 473 63 46
B-7 Ke 94 10-02-88 10.5 1,280 - - 78 - 696 16 9.3
B-8 Ke 214 10-02-88 10.5 1,480 - - 540 - 1,050 96 74
0-2 Qvf 83 10-15-87 9.0 480 7.5 8.0 260 240 287 71 21
0-5 Qvf 45 10-14-87 9.0 477 7.6 8.4 260 230 282 68 21
0-7 Qvf 34 10-14-87 9.5 813 7.3 5.6 440 350 529 100 44
0-9 Qvf 53 10-17-87 9.0 471 7.4 7.5 260 230 289 68 21
06-24-88 - - - - 260 - 256 68 22
0-10 Qvf 40 10-14-87 8.5 572 7.3 4.8 300 270 350 80 25
0-11 Qvf 45 10-14-87 8.5 1,550 7.2 6.0 730 380 1,140 150 86
0-13 Qvf 40 10-19-87 7.5 1,150 7.3 7.0 550 330 791 130 54
06-28-88 8.0 1,240 7.2 - 580 - 788 140 58
0-14 Qvf 40 10-14-87 9.5 570 7.4 8.7 300 270 347 79 25
0-16 Qvf 65 10-15-87 7.5 620 7.3 7.0 310 280 377 83 26
0-17 Qvf 43 10-15-87 9.0 13,000 7.5 .2 2,300 690 11,500 160 450
0-18 Qvf 27 09-14-87 9.5 6,620 7.3 .1 1,400 480 5,510 240 180
0-19 Qvf 58 09-12-87 8.5 1,620 7.4 .5 650 400 1,200 130 79
0-20 Qvf 35 09-12-87 9.0 1,550 7.4 .2 590 370 1,100 130 62
0-22 Qvf 85 09-14-87 9.0 985 7.2 4.4 470 330 657 110 46
10-16-87 8.0 965 7.3 4.4 470 330 662 110 46
0-23 Qvf 87 06-23-88 8.5 970 7.3 - 460 - 602 110 45
0-24 Qvf 73 09-12-87 8.5 713 7.3 5.0 360 310 464 93 32
0-25 Qvf 28 09-12-87 9.0 3,030 7.3 .5 1,100 530 2,380 190 150
0-26 Qvf 100 09-13-87 8.5 881 7.5 2.8 430 330 600 96 45
0-27 Qvf 110 09-18-87 9.5 953 7.5 ND 420 320 658 100 39
0-28 Qvf 130 09-13-87 10.0 1,260 7.6 ND 360 360 911 79 38
0-29 Qvf 88 09-13-87 10.5 993 7.5 .1 350 300 690 82 34
0-30 Qvf 97 09-11-87 9.0 1,550 8.2 .2 110 360 1,110 27 10
0-31 Qvf 123 09-12-87 9.0 1,990 7.8 .3 160 480 1,380 39 15
0-33 Qvf 120 09-11-87 9.0 1,640 7.9 .2 140 370 1,140 34 12
0-34 Qvf 105 09-10-87 10.5 1,590 8.3 .4 44 380 1,080 11 3.7
0-40 Qvf 65 11-05-87 7.5 515 7.5 6.9 270 240 320 74 20
0-42 Qvf 54 09-15-87 8.0 362 7.7 9.4 210 190 232 59 15
06-27-88 7.0 435 7.6 - 220 - 234 62 16
0-43 Qvf 55 11-04-87 7.0 478 7.4 7.0 250 240 284 71 17
0-44 Qvf 60 10-18-87 8.0 459 7.5 6.5 240 230 274 69 17
0-46 Qvf 60 10-18-87 8.0 609 7.2 3.3 320 260 380 83 27
0-47 Qvf 23 10-17-87 9.5 830 7.1 1.8 450 340 540 110 42
0-48 Qvf 69 10-17-87 8.0 590 7.4 2.9 310 260 363 82 25
0-49 Qvf 64 10-17-87 7.5 710 7.4 .2 370 280 452 92 33
0-50 Qvf 40 10-17-87 7.5 615 7.4 2.0 330 270 378 87 26
0-51 Qvf 85 11-05-87 8.5 1,520 7.1 ND 820 500 1,110 140 110
11-01-88 8.5 1,540 7.1 .3 810 490 1,110 140 110
0-52 Qvf 43 11-05-87 8.0 1,900 7.2 .1 1,100 410 1,520 190 140
0-53 Qvf 97 11-05-87 8.5 730 7.7 .1 130 280 468 34 12
0-54 Qvf 87 11-05-87 9.0 1,280 7.4 ND 350 400 888 65 44
0-55 Qvf 86 11-05-87 8.5 2,170 7.1 ND 720 620 1,050 130 93
11-01-88 8.0 1,860 7.1 1.4 540 540 1,380 100 71
0-56 Qvf 38 11-04-87 8.5 2,690 7.0 .1 610 700 2,020 140 62
0-58 Qvf 55 10-16-87 9.0 3,020 6.8 .2 1,300 930 2,500 230 180
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Table 17.--Physical properties and major-ion concentrations of ground water and streamflow--Continued

Nitro-
Sodium Potas- Bicar- Bicar- Car- Sul- Chlo- Fluo- Bro- Silica, gen, Phos-
Sodium, ad- sium, bonate, bonate, bonate, fate, ride, ride, mide, dis-~- nitrate, phorus,
dis- sorp- dis- fet-lab it-fld fet-lab dis- dis~- dis- dis- solved dis- dis-
solved tion solved (mg/L (mg/L (mg/L solved solved solved solved (mg/L solved solved
(mg/L ratio (mg/L as as as (mg/L (mg/L (mg/L (mg/L as (mg/L (mg/L Site
as Na) (SAR) as K) HCOB) HCOB) CO3) as 504) as Cl) as F) as Br) sioz) as NO3) as P) number
Ground-water sites
13 0.3 6.2 330 - - 110 1.9 0.8 <0.1 6.9 .75 <0.10 B-1
430 42 2.4 710 - -- 350 4.4 1.2 <.l 8.3 .11 <.10 B-2
20 .5 2.7 310 - - 120 2.9 1.0 <.1 -- .93 <.10 B-3
60 1 3.4 410 -- -- 270 4.0 .5 <.1 14 .19 <.10 B-4
280 13 2.1 500 - - 290 3.0 .2 <.1 8.5 .22 <.10 B-5
38 .9 2.7 370 - - 120 2.5 .4 <.l 14 .54 <2.0 B-6
240 12 1.5 360 -- - 230 7.7 .2 <.1 9.4 .09 <.10 B-7
140 3 3.4 420 - - 500 4.5 .6 <.1 13 .32 <.10 B-8
2.8 .1 1.6 280 290 - 34 .8 .3 <.l 11 .29 <.10 0-2
4.2 .1 1.9 270 276 - 37 .8 .3 <.1 12 .27 <.10 0-5
19 4 3.9 410 422 - 130 2.6 .4 <.1 14 .61 <.10 o-7
6.1 .2 1.9 270 276 - 43 .8 .3 <.1 11 .22 <.10 0-9
4.9 1 2.0 210 - - 40 1.1 .3 <.1 11 .19 <.10
11 .3 2.6 330 324 - 54 1.7 .3 <.l 13 .43 <.10 0-10
100 2 3.3 460 468 - 550 4.6 .4 <.l 14 .61 <.10 0-11
61 1 3.6 410 400 - 330 2.4 .4 <.1 14 .32 <.10 0-13
61 1 4.4 290 -- - 360 3.2 .2 <.1 14 .36 <.10
10 .3 2.3 320 328 - 53 1.3 .3 <.l 13 .34 .10 0o-14
15 .4 2.4 340 348 -- 63 1.7 .3 <.1 13 .34 <.10 0-16
2,800 26 5.2 760 840 -- 7,600 15 .5 <.1 10 .02 .10 0-17
1,200 15 6.8 550 584 -- 3,500 15 1.4 <.l 14 .04 <.10 0-18
150 3 3.0 460 490 - 580 5.3 .4 <.l 14 .15 <.10 0-19
140 3 3.7 420 446 - 510 4.9 .6 <.l 13 .04 <.10 0-20
49 1 2.7 430 408 -- 230 2.8 .4 <.l 14 .32 <.10 0-22
49 1 2.8 400 404 - 230 2.6 .4 <.1 14 .34 <.10
48 1 2.9 330 -- -- 220 2.7 .4 <.1 13 .43 <.10 0-23
25 .6 2.6 370 376 -- 110 2.3 .4 <.1 14 .25 <.10 0-24
370 5 3.9 620 648 -- 1,300 11 1.2 <.l 18 .03 <.10 0-25
50 1 2.5 400 402 = 190 2.4 .5 <.1 13 .27 <.10 0-26
67 1 3.3 380 396 -— 230 3.0 .7 <.1 14 .03 <.10 0-27
170 4 4.2 420 440 - 380 4.5 3 <.1 14 .02 <.10 0-28
100 2 4.5 350 368 - 260 3.7 .7 <.l 15 .03 <.10 0-29
340 15 2.5 400 440 -- 490 11 .5 .2 10 .04 .10 0-30
400 14 3.6 520 590 -- 560 9.1 1.1 <.1 15 .04 <,10 0-31
330 13 3.3 400 450 -- 500 12 .6 .2 13 .03 <.10 0-33
360 25 2.1 440 438 -- 430 12 .6 <.1 9.4 .02 <.10 0-34
12 .3 1.8 290 294 - 53 1.0 .2 - 13 .25 <.10 0-40
4.4 .1 1.5 230 236 -- 22 .7 .1 .1 13 .08 <.10 0-42
4.7 .1 1.8 190 - -- 39 1.9 .2 <.1 12 .29 <.10
4.9 .1 2.1 280 290 - 33 .5 .2 <.1 12 .04 <.10 0-43
5.5 .2 1.9 280 280 - 27 7 .2 <.1 13 .13 <.10 0-44
13 .3 2.8 320 314 -- 85 .6 .3 <.1 13 .23 <.10 0-46
18 .4 3.7 420 414 b 140 1.8 .3 <.1 14 .47 <.10 0-47
12 .3 2.4 310 314 -- 7 .7 .3 <.1 13 .19 <.10 0-48
18 .4 3.3 340 338 - 120 7 .3 <.1 13 .01 <.10 0-49
10 .3 2.6 330 336 -- 71 .6 .3 <.1 14 .14 <.10 0-50
65 1 9.3 610 608 - 470 3.3 .4 <.1 12 .03 <.10 0-51
64 1 9.5 570 604 - 470 4.6 .6 <.1 11 .34 <.10
86 1 8.5 480 502 - 820 4.1 .6 <.1 15 .04 <.10 0-52
120 5 3.9 330 346 - 110 1.3 .5 <.1 13 .03 <.10 0-53
180 4 6.3 480 488 -- 340 2.4 .6 <.1 13 .05 <.10 0-54
290 5 9.4 750 762 - 120 4.8 .4 <.1 16 .04 <.10 0-55
260 5 9.0 610 661 - 590 4.4 .6 <.1 15 .21 <.10
450 8 9.3 790 854 - 900 6.7 .3 <.1 15 .05 <.10 0-56
310 4 13 1,100 1,130 -- 1,200 8.8 .4 <.1 19 .03 <.10 0-58
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Table 17.--Physical properties and major-ion concentrations of ground water and streamflow--Continued

Onsite Solids,
spe- Hard- sum of Cal- Magne-
Depth Tem— cific Onsite ness, Alka- constit- cium, sium,
of pera- con- pH Oxygen, total linity uents, dis- dis-
Geo- well, ture, duct- (stand- dis- (mg/L (mg/L dis- solved solved
Site logic total water ance ard solved as as solved (mg/L (mg/L
number unit (feet) Date (°C}) (uS/cm) units) (mg/L) CaCOS) CaCO3) (mg/L)} as Ca) as Mg)
0-59 Qvf 65 11-04-87 8.5 2,900 6.8 .1 1,400 900 2,340 230 190
0-60 Kir(?) 170 11-04-87 9.0 2,850 6.8 .1 1,500 930 2,320 180 250
0-62 Qvf 73 11-04-87 8.0 613 7.5 2.2 320 300 387 81 29
0-63 Qvf 133 11-04-87 8.5 869 7.3 .1 460 440 529 78 64
0-64 Qvf 62 11-03-87 8.0 440 7.5 8.4 230 230 255 59 20
0-65 Qvf 34 11-03-87 10.0 2,520 7.2 .6 1,100 350 2,110 200 150
0-66 Qvf 17 11-03-87 10.0 680 7.3 .2 340 330 412 85 32
P-2 KJke 290 10-25-73 -- 628 - - 390 -— 493 110 29
P-5 KJke 192 10-25-73 - 822 - - 440 - 604 84 55
P-6 Qvf -- 11-03-88 10.5 980 6.8 - 480 300 668 100 54
P-7 KJke -- 11-03-88 11.5 960 7.3 - 470 300 642 98 54
pP-32 Qvf 32 11-02-88 9.5 520 7.1 - 280 250 322 71 24
P-64 Ke 180 11-03-88 10.5 1,500 9.0 - 7 360 1,060 2.2 .3
P-67 KJke -- 10-25-73 -- 687 - -— 370 -— 485 85 39
P-68 Qvf - 11-04-88 9.0 1,010 7.2 - 490 310 700 120 47
P-73 Qvf 45 10-25-73 -- 659 -- - 300 -- 457 52 41
P-76 Kir 76 10-25-73 - 1,190 - - 550 - 921 87 80
P-77 Qvf 120 10-25-73 - 4,280 - -- 650 -- 3,480 130 79
P-81 Qvf - 11-02-88 10.5 2,150 7.4 - 640 390 1,800 130 74
P-87 Qvf 42 10-25-73 7.5 842 - - 350 - 576 69 44
P-90 - 70 10-31-88 7.5 1,400 7.2 4.6 560 360 911 120 60
P-91 Kir - 11-03-88 11.0 1,110 7.2 -- 510 360 882 110 56
P-94 Qvf 80 03-29-73 8.5 848 - - 340 - 591 61 45
P-96 Qvf 68 11-01-88 8.0 880 7.5 - 380 300 559 94 36
P-98 Qvf 67 07-12-73 9.0 1,560 - - 150 - 1,130 29 19
P-102 Kjr - 10-25-73 9.0 3,190 - - 160 - 2,320 18 28
P-108 Qvf 26 08-13-73 -- 630 - - 310 -— 414 59 40
P-109 Ke - 10-25-73 - 1,180 - - 44 - 793 6.7 6.7
P-110 Ke 80 11-02-88 8.5 690 7.1 - 360 270 439 87 34
P-136 Kel - 10-25-73 -- 2,680 -— - 1,300 -- 2,320 200 200
P-150 Qvf 25 11-01-88 7.5 700 7.4 2.4 360 290 442 94 31
P-152 Qvf 41 10-25-73 7.0 520 8.0 - 280 -- 356 64 29
P-153 Qvf 32 08-13-73 - 3,700 - - 1,500 - 3,240 220 240
. Streamflow sites
06154410 -~ - 11-04-86 8.0 462 - - - - - - -
-- --  10-19-87 4.0 450 8.6 11.0 250 230 276 60 23
s-3 -~ --  11-04-86 8.0 550 8.4 10.8 290 260 325 75 24
- - 10-19-87 3.0 559 8.4 11.9 290 260 348 76 25
S-5 - - 10-19-87 4.0 685 8.5 11.8 340 290 438 84 31
s-17 - - 10-19-87 3.5 735 8.6 13.6 340 290 459 80 34
06154430 -- -- 10-20-87 5.0 545 7.9 9.6 280 270 319 79 20
s-10 -- - 10-20-87 2.5 810 8.2 12.7 400 320 492 97 39
S-11 - -- 10-20-87 2.5 852 8.5 12.8 410 320 548 90 44
S-12 -— -- 10-20-87 4.5 960 8.3 14.2 430 330 623 87 52
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Table 17.--Physical properties and

major-ion concentrations of ground water and streamflow--Continued

Nitro-
Sodium Potas- Bicar- Bicar- Car- Sul- Chlo- Fluo- Bro- Silica, gen, Phos-
Sodium, ad- sium, bonate, bonate, bonate, fate, ride, ride, mide, dis- nitrate, phorus,
dis- sorp- dis- fet-lab it-fld fet-lab dis- dis- dis- dis- solved dis- dis-
solved tion solved (mg/L (mg/L (mg/L solved solved solved solved (mg/L solved solved
(mg/L ratio (mg/L as as as (mg/L (mg/L (mg/L (mg/L as (mg/L (mg/L Site
as Na) (SAR) as K) HCO3) HCOB) CO3) as 504) as Cl) as F) as Br) SiOz) as N03) as P) number
260 k} 13 990 1,100 - 1,100 6.5 .3 <.1 17 .04 <.10 0-59
220 3 13 1,080 1,140 -- 1,100 6.4 .2 <.1 16 .04 <.10 0-60
11 .3 2.9 350 372 - 48 1.7 .2 <.1 24 1.1 <.10 0-62
21 .4 3.6 510 542 - 74 2.8 .7 <.1 15 .75 <.10 0-63
4.9 .1 1.6 270 278 -- 21 .9 .2 == 11 .02 <.10 0-64
250 3 3.8 400 432 - 1,300 11 .4 <.1 16 .19 <.10 0-65
20 .5 2.7 400 406 - 57 1.6 .2 <.1 13 .02 <.10 0O-66
7.3 .2 4.0 240 -- 14 180 2.4 .5 - 11 .5 -= P-2
36 .8 6.0 290 == 0 270 1.8 .2 - 8.1 .14 -- P-5
38 .8 5.9 340 362 -- 270 1.8 .1 <.1 7.9 .12 .10 P-6
38 .8 6.2 360 361 - 250 1.8 .1 <.1 5.1 .04 <.10 P-7
9.4 .3 2.2 300 311 - 47 1.1 .3 <.1 12 .36 <.10 P-32
370 65 .8 390 397 - 420 13 .2 <.1 8.4 .36 <.10 P-64
14 .3 3.0 200 - 0 230 3.9 .4 -- 9.8 .34 -- P-67
51 1 3.0 370 378 = 280 2.6 .4 <.1 13 .56 <.10 P-68
53 1 3.0 - -- = 160 3.3 .2 b 12 == -- P-73
93 2 3.0 330 = 14 450 5.2 .7 = 11 e -- P-76
870 15 6.0 480 = 0 2,100 21 .5 = 10 5.2 -- P-77
350 6 3.6 450 480 - 980 7.2 .8 <.1 12 .09 <.10 P-81
63 1 3.0 220 -- 0 270 3.3 .4 -- 14 .27 -- P-87
93 2 3.0 420 446 -- 390 4.2 .4 <.1 13 .56 <.10 P-90
92 2 5.2 390 437 - 370 6.8 -4 <.1 14 .36 <.10 P-91
71 2 3.0 250 - 0 270 3.4 .5 . 14 == -- P-94
46 1 3.2 350 372 - 180 2.7 .6 -- 13 .08 <.10 P-96
330 12 3.0 400 -- 0 530 9.6 .5 -- 13 .02 -- P-98
740 26 6.0 600 -- 42 1,100 27 1.1 -- 17 .16 -- P-102
25 .6 3.0 290 -- 0 130 2.2 .3 == 11 .11 -- P-108
290 19 1.0 530 = 33 150 1.8 .3 = 8.3 .11 -- P-109
13 .3 4.8 320 333 - 120 1.0 .9 <.1 5.9 .04 <,10 P-110
250 3 19 480 ks 0 1,400 4.9 .2 - 9.1 .32 -- P-136
15 .4 2.8 340 351 -- 110 1.1 .3 <.1 13 .27 <.10 P-150
18 .5 3.0 . -- - 100 .9 .3 -- 13 -- -- P-152
440 5 13 420 = 0 2,100 5.0 .2 e 10 .18 -- P-153
Streamflow gites
= - = - == - -- e -- e - - -- 06154410
2.6 .1 1.6 280 256 - 26 7 .2 <.1 11 .07 <.10
8.3 .2 2.4 300 -- == 52 1.5 .4 <.1 11 .71 <.10 s-3
9.0 .2 2.6 310 296 - 52 1.3 .3 <.1 12 2.8 <.10
21 .5 2.9 340 322 == 94 2.0 .4 <.1 12 .04 <.10 s-5
27 ) 3.0 350 328 -- 110 2.2 .4 <.1 11 .02 <.10 s-7
6.9 .2 2.6 330 330 - 33 .8 .2 <.l 14 .02 <.10 06154430
24 .5 3.1 390 390 -- 120 1.5 .4 <.18 9.0 .02 <.10 s-10
32 .7 3.5 390 352 - 150 1.7 .4 <.1 9.2 .02 <.10 s-11
51 1 4.7 410 388 - 200 2.8 .4 <.1 9.5 .01 <.10 s-12
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Depth of well,

Table 18.--Trace-element concentrations of ground water and streamflow

[Analyses by Montana Bureau of Mines and Geology in accordance with methods defined
by Skougstad and others (1979).
Kjr, Upper Cretaceous Judith River Formation; Kcl, Upper Cretaceous Claggett Shale;

Geologic unit:

Qvf, Quaternary valley fill;

Ke, Upper Cretaceous Eagle Sandstone; Kc, Upper and Lower Cretaceous Colorado Group;
Lower Cretaceous to Middle Jurassic Kootenai Formation and Ellis Group.

KJke,

total:

in feet be

Symbols: <,

low land surface.
less than; =--, no

Abbreviation:

data or not applicable]

ng/L, micrograms per liter.

Alum- Chro-
Depth inum, Boron, Cadmium, mium, Copper, Iron, Lithium,

of dis- dis- dis- dis- dis- dis- dis-

Geo- well, solved solved solved solved solved solved solved

Site logic total (ug/L (ng/L (ng/L (ug/L (ng/L (ng/L (ug/L

number unit (feet) Date as Al) as B) as Cd) as Cr) as Cu) as Fe) as Li)

Ground-water sites

B-1 KJke 226 10-03-88 <30 140 <2 <2 <2 18 53
B-2 Kc 174 10-03-88 <30 1,900 <2 <2 <2 7 150
B-3 Ke 144 10-02-88 <30 160 <2 <2 <2 11 20
B-4 Ke 224 10-01-88 <30 - <2 <2 <2 960 86
B-5 Ke 375 10-01-88 <30 1,100 <2 <2 <2 15 100
B-6 Ke 303 10-03-88 <30 170 <2 <2 <2 120 56
B-7 Ke 94 10-02-88 <30 200 <2 <2 <2 260 31
B-8 Ke 214 10-02-88 <30 380 <2 <2 <2 700 110
0-2 Qvf 83 10-15-87 <30 30 <2 <2 <2 <2 6
0-5 Qvf 45 10-14-87 <30 30 <2 <2 <2 <2 11
0o-7 Qvf 34 10-14-87 <30 150 7 <2 <2 <2 54
0-9 Qvf 53 10-17-87 <30 40 <2 <2 <2 <2 13
06-24-88 <30 80 <2 <2 2 5 13
0-10 Qvf 40 10-14-87 30 70 4 <2 <2 <2 16
0-11 Qvf 45 10-14-87 <30 280 5 <2 <2 <2 100
0-13 Qvf 40 10-19-87 <30 230 <2 <2 <2 6 63
06-28-88 <30 350 3 2 10 22 70
0-14 Qvf 40 10-14-87 <30 80 5 <2 <2 <2 18
0-16 Qvf 65 10-15-87 <30 70 8 <2 <2 <2 20
0-17 Qvf 43 10-15-87 <30 2,500 5 <2 <2 56 520
0-18 Qvf 27 09-14-87 <30 30 <2 <2 <2 2,800 7
0-19 Qvf 58 09-12-87 <30 340 2 <2 2 <2 110
0-20 Qvf 35 09-12-87 <30 230 <2 3 10 500 92
0-22 Qvf 85 09-14-87 <30 120 <2 <2 5 <2 47
10-16-87 <30 150 3 <2 <2 <2 47
0-23 Qvf 87 06-23-88 <30 200 3 2 4 16 48
0-24 Qvf 73 09-12-87 <30 690 <2 <2 4 <2 25
0-25 Qvf 28 09-12-87 <30 480 <2 <2 <2 1,000 210
0-26 Qvf 100 09-13-87 <30 130 <2 <2 <2 <2 60
0-27 Qvf 110 09-18-87 <30 100 <2 <2 2 95 44
0-28 Qvf 130 09-13-87 <30 340 <2 <2 <2 810 99
0-29 Qvf 88 09-13-87 <30 200 <2 <2 <2 160 72
0-30 Qvf 97 09-11-87 <30 360 17 <2 <2 30 72
0-31 Qvf 123 09-12~-87 <30 1,000 <2 <2 <2 39 130
0-33 Qvf 120 09-11-87 <30 480 <2 <2 <2 29 81
0-34 Qvf 105 09-10-87 <30 470 <2 <2 <2 24 110
0-40 Qvf 65 11-05-87 <30 30 <2 <2 <2 <2 12
0-42 Qvf 54 09-15-87 <20 30 <2 <2 <2 <2 7
06-27~88 <30 60 2 <2 3 <2 10
0-43 Qvf 55 11-04-~87 <30 50 <2 <2 <2 <2 7
0-44 Qvf 60 10-18-87 <30 140 <2 <2 <2 <2 10
0-46 Qvf 60 10-18-87 <30 50 5 <2 <2 <2 27
0-47 Qvf 23 10-17~87 <30 100 3 <2 <2 <2 40
0-48 Qvf 69 10-17-87 <30 90 <2 <2 <2 21 23
0-49 Qvf 64 10-17~-87 <30 60 <2 <2 <2 340 38
0-50 Qvf 40 10-17~-87 <30 160 <2 <2 <2 86 24
0-51 Qvf 85 11-05-87 <30 220 <2 <2 <2 1,600 140
11-01~88 <30 300 <2 <2 <2 1,600 140
0-52 Qvf 43 11-05~-87 <30 330 <2 <2 3 1,300 200
0-53 Qvf 97 11-05-87 <30 120 <2 <2 <2 130 52
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Table 18.--Trace-element concentrations of ground water and streamflow--Continued

Manga- Molyb- Stron- Ti- Vana- Zir-
nese, denum, Nickel, Silver, tium, tanium, dium, Zinc, conium,
dis- dis- dis- dis- dis- dis- dis- dis- dis~
solved solved solved solved solved solved solved solved solved
(rg/L (rg/L (rg/L (kg/L (rg/L (kg/L (ng/L (rg/L (rg/L Site
as Mn) as Mo) as Ni) as Ag) as Sr) as Ti) as V) as Zn) as 2r) number
Ground-water sites
35 <20 <10 <2.0 830 1 <1 3 <4 B-1
6 <20 <10 <2.0 150 <1 <1 6 <4 B-2
7 <20 <10 <2.0 540 <1l <1 560 <4 B-3
120 <20 <16 <2.0 950 2 1 610 <4 B-4
7 <20 <10 <2.0 360 <1 <1 12 <4 B-5
52 <20 <10 <2.0 990 <1 <1 560 <4 B-6
7 <20 <10 <2.0 160 <1 <1 4 <4 B-7
45 <20 <10 <2.0 1,400 <1 <1 390 <4 B-8
<1 <20 <10 <2.0 360 9 <1 <3 <4 0-2
<1 <20 <10 <2.0 410 10 <1l <3 <4 0-5
8 <20 <10 <2.0 720 9 <1 5 <4 o-7
<1l <20 <10 <2.0 450 8 <1 4 <4 0-9
1 <20 <10 <2.0 480 2 <1 4 <3
<1 <20 <10 <2.0 440 7 <1l 3 <4 0-10
1 <20 <10 <2.0 1,200 10 <1 6 <4 0-11
1 <20 <10 <2.0 740 20 <1l <3 <4 0-13
1 <20 <10 <1.0 840 7 3 <3 4
<1 <20 <10 <2.0 430 7 <1l 3 <4 0-14
<1l <20 <10 <2.0 480 8 <1 <3 <4 0-16
1,200 <20 10 <2.0 2,700 20 <1 6 <4 0-17
1,800 <20 <10 <2.0 3,100 10 <1 4 <3 0-18
<1 <20 <10 <2.0 1,300 20 <1 5 <4 0-19
850 <20 <10 3.0 1,300 10 6 3 7 0-20
<1l <20 <10 <2.0 800 10 <1 12 <4 0-22
<1l <20 <10 <2.0 770 10 <1 5 <4
3 <20 <10 <2.0 790 6 3 <3 <4 0-23
<1 <20 <10 <2.0 590 10 <1 12 <4 0-24
600 <20 <10 <2.0 2,400 10 <1 5 <4 0-25
14 <20 <10 <2.0 780 10 <1 9 <4 0-26
760 <20 <10 <2.0 950 10 <1 3 <4 0-27
210 <20 <10 <2.0 1,200 9 <1 <3 <4 0-28
780 <20 <10 <2.0 1,200 10 <1 <3 <4 0-29
160 <20 <10 <2.0 430 2 <1 <3 <4 0-30
320 <20 <10 <2.0 650 5 <1 8 <4 0-31
350 <20 <10 <2.0 500 3 <1 9 <4 0-33
32 <20 <10 <2.0 220 4 <1 <3 <4 0-34
<1 <20 <10 <2.0 420 7 <1 3 <4 0-40
<1l <20 <10 <2.0 360 10 <1 4 <3 0-42
<1 <20 <10 <2.0 390 3 <1 <3 <4
<1 <20 <10 <2.0 350 9 <1 3 <4 0-43
<1 <20 <10 <2.0 360 10 <1 4 <4 0-44
<1 <20 <10 <2.0 560 10 <1 4 <4 0-46
6 <20 <10 <2.0 570 10 <1 6 <4 0-47
2 <20 <10 <2.0 480 10 <1 <3 <4 0-48
28 <20 <10 <2.0 700 10 <1 <3 <4 0-49
73 <20 <10 <2.0 500 10 <1 3 <4 0-50
260 <20 <10 <2.0 980 <1 <1 5 <4 0-51
250 <20 <10 <2.0 980 8 <1 <3 <4
240 <20 <10 <2.0 1,300 8 <1 6 <4 0-52
140 <20 <10 <2.0 460 5 <1 <3 <4 0-53
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Table 18.--Trace-element concentrations of ground water and streamflow--Continued

Alum- Chro-

Depth inum, Boron, Cadmium, mium, Copper, Iron, Lithium,
of dis- dis- dis- dis- dis- dis- dis-

Geo- well, solved solved solved solved solved solved solved
Site logic total (ug/L (ug/L (ng/L (ug/L (pg/L (rg/L (kg/L
number unit (feet) Date as Al) as B) as Cd) as Cr) as Cu) as Fe) as Li)
0-54 Qv 87 11-05-87 <30 240 <2 <2 <2 1,000 130
0-55 Qvf 86 11-05-87 <30 340 <2 <2 <2 2,600 220
11-01-88 <30 470 <2 <2 <2 2,200 210
0-56 Qvf 38 11-04-87 <30 460 <2 <2 <2 480 440
0-58 Qvf 55 10-16-87 <30 420 <2 <2 <2 2,000 600
0-59 Qvf 65 11-04-87 <30 410 <2 <2 <2 520 540
0-60 Kjr(?) 170 11-04-87 <30 290 <2 <2 <2 1,600 530
0-62 Qvf 73 11-04-87 <30 50 <2 <2 <2 <2 33
0-63 Qvf 133 11-04-87 <30 100 <2 <2 <2 <2 73
0-64 Qvf 62 11-03-87 <30 <20 <2 <2 <2 <2 5
0-65 Qvf 34 11-03-87 <30 370 <2 <2 4 <2 200
0-66 Qvf 17 11-03-87 <30 70 <2 <2 <2 29 20
P-2 KJke 290  10-25-73 - -- -- - -- <10 --
P-5 KJke 192 10-25-73 - - - - - <10 -
P-6 ovt --  11-03-88 <30 320 3 <2 35 13 88
P-7 KJke - 11-03-88 <30 320 2 <2 <2 2,700 91
P-32 Qvf 32 11-02-88 <30 120 <2 <2 19 23 15
P-64 Ke 180 11-03-88 <30 180 <2 <2 <2 3 59
P-67 KJke - 10-25-73 - - - - - <10 -
P-68 Qvf - 11-04-88 <30 260 <2 <2 <2 130 45
P-73 Qvf 45 10-25-73 -- - - - - <10 -
P-76 Kjr 76 10-25-73 - - - - - <10 -
P-77 Qvf 120 10-25-73 == == == = - 50 ==
P-81 Qvf - 11-02-88 <30 610 <2 <2 <2 1,000 140
P-87 Qvf 42 10-25-73 - - - - - <10 -
P-90 - 70 10-31-88 <30 350 <2 <2 <2 4 75
P-91 Kjr --  11-03-88 <30 290 <2 <2 <2 2,100 92
P-94 Qvf 80 03-29-73 - - - - - <10 -
P-96 Qvf 68 11-01-88 <30 160 <2 <2 <2 300 38
P-98 Qvf 67 07-12-73 - - - - - <10 -
P-102 Kjr - 10-25-73 - - - - - 30 -
P-108 Qvf 26 08-13-73 - - - - - <10 -
P-109 Ke = 10-25-73 == == == == == 30 ==
P-110 Kc 80 11-02-88 <30 130 <2 <2 <2 4,200 36
P-136 Kcl - 10-25-73 - - - - == 90 -
P-150 Qvf 25 11-01-88 <30 100 <2 <2 <2 <2 35
P-152 Qvf 41 10-25-73 - -- - = - <10 -
P-153 Qvf 32 08-13-73 - -— - - -- <10 -

Streamflow sites

06154410 -- - 11-04-86 == el == == == - =
- --  10-19-87 <30 30 <2 <2 <2 <2 7
s-3 - - 11-04-86 <30 <20 <2 <2 <2 <2 11
-- --  10-19-87 <30 190 2 <2 <2 <2 17
S-5 - - 10-19-87 <30 70 <2 <2 <2 2 27
s-7 - --  10-19-87 <30 90 <2 <2 <2 <2 31
06154430 -- - 10-20-87 <30 20 <2 <2 <2 14 13
$-10 - - 10-20-87 <30 70 <2 <2 <2 3 45
5-11 - - 10-20-87 <30 80 <2 <2 <2 <2 59
5-12 - - 10-20-87 <30 100 <2 <2 <2 <2 87
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Table 18.--Trace-element concentrations of ground water and streamflow-—-Continued

Manga- Molyb- Stron- Ti- Vana- Zir-
nese, denum, Nickel, Silver, tium, tanium, dium, Zinc, conium,
dis- dis- dis- dis~- dis~ dis- dis- dis- dis-
solved solved solved solved solved solved solved solved solved
(ng/L (ng/L (ng/L (ug/L (pg/L (ug/L (ng/L (pg/L (pg/L Site
as Mn) as Mo) as Ni) as Ag) as Sr) as Ti) as V) as 2n) as Zr) number
230 <20 <10 <2.0 850 5 <1 5 <4q 0-54
450 <20 <10 <2.0 1,700 <1 <1 <3 <4 0-55
340 <20 <10 <2.0 1,300 5 <1 <3 <4
650 <20 <10 <2.0 1,900 10 <1 8 <4 0-56
330 <20 <10 <2.0 3,400 ] <1 22 <4 0-58
560 <20 <10 <2.0 3,300 5 <1 10 <4 0-59
210 <20 <10 <2.0 2,600 2 <1 11 <4 0-60
130 <20 <10 <2.0 560 6 <1 4 <4 0-62
2 <20 <10 <2.0 590 8 <1 5 <4 0~-63
<1 <20 <10 <2.0 270 8 <l 3 <4 0-64
2 <20 <10 <2.0 2,100 <1 <1 9 <4 0-65
39 <20 <10 <2.0 460 10 <1 4 q 0-66
<10 - - - - - - - - P-2
<10 - - - - - - - - P-5
5 <20 <10 <2.0 1,000 9 <1 390 <4 P-6
98 <20 <10 <2.0 960 1 <1 1,500 <4 pP-7
1 <20 <10 <2.0 420 7 <1 <3 <4 P-32
9 <20 <10 <2.0 65 <1 <1 <3 <4 P-64
<10 - - - - - - - -~ P-67
3 <20 <10 <2.0 740 <1 <1 4q <4q P-68
<10 - -~ -- -- - -- - - P-73
20 - - - - - -- - - P-76
80 - -- -- - - - - - P-77
170 <20 <10 <2.0 1,800 7 <1 <3 <4 P-81
<10 -- - -- - - - -— - P-87
<1 <20 <10 <2.0 1,000 10 <1 <3 <4q P-90
400 <20 <10 <2.0 1,100 8 <1 <3 <4 P~-91
<10 - - - - - - - - P-94
680 <20 <10 <2.0 850 1 <1 <3 <4 P-96
60 -~ - - - -- - - - P-98
<10 - . . - = - - == P-102
120 - - - - -- - - - P-108
<10 - - - - - - - - P-109
62 <20 <10 <2.0 610 10 <1 <3 <4 P-110
30 - - - - - - - - P-136
<1 <20 <10 <2.0 600 8 <1 <3 <4 P-150
<10 - -- - - - - - - P-152
60 = - -- . - == == == P-153
Streamflow sites
- - -- - - - - - - 06154410
<1 <20 <10 <2.0 240 7 <1 <3 <4
10 <20 <10 <2.0 440 9 <1 <3 <4 S-3
10 <20 <10 <2.0 430 3 <1 <3 <4
24 <20 <10 <2.0 540 8 <1 <3 <4 S-S5
5 <20 <10 <2.0 570 10 <1 <3 <4 s-7
72 <20 <10 <2.0 380 9 <1 <3 <4 06154430
7 <20 <10 <2.0 590 10 <1 <3 <4 s-10
3 <20 <10 <2.0 630 9 <1 <3 <4 s-11
5 <20 <10 <2.0 680 10 <1 <3 <4 §-12
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Table 19.--Drinking-water regulations for public water supply!,?

[MCL, Maximum Contaminant Level; SMCL, Secondary Maximum Contaminant
Level; mg/L, milligrams per liter; ug/L, micrograms per liter;
-~, no regulation available or not applicable]

Maximum concentration or value for indicated regulation

Equivalent
National Primary National Secondary trace-element
Drinking-Water Drinking-Water concentration’®
Water-quality Regulation? Regulation* for MCL or SMCL
characteristic (MCL) (SMCL) (ng/L)
Physical Jard its)

pH - 6.5-8.5 -

— Common constituents (mg/L)
Dissolved solids -- 500 -
Chloride -- 250 ~--
Fluoride 4.0 2.0 et
Nitrate (as N) 10 -— -~
Sulfate -— 250 -

—— Trace elements (mg/L)
Aluminum -- .05-.2 50~-200
Cadmium .005 - 5
Chromium .1 -- 100
Copper® - 1.0 1,000
Iron - .3 300
Manganese -- .05 50
Silver -- .1 100
Zinc - 5.0 5,000

1Regulations in effect as of July 30, 1992.

2listed only for properties, common constituents, and trace elements analyzed in this report.

3U.s. Environmental Protection Agency (1991a).

4U.s. Environmental Protection Agency (1991b).

SThe U.S. Geological Survey reports trace-element concentrations in micrograms per liter.

S Copper is covered by an “action level"™ of 1.3 mg/L (U.S. Environmental Protection Agency,
1991c) .

*U.S. GOVERNMENT PRINTING OFFICE: 1993-774-207/60042

86



